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2.4 2903 UVNTEYDI I8 Op-amp 102 IV TFBINSTU (Rectifier)

2.4.1 193NN YN I2AIY Op-amp [8, 9]
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T5un 93 CodeVisionAVR C Compiler Evaluationfil %4013

AruRuMIHUveailemed

| #include <megal28.> // ATmegal28 MCU
#include <stdioh> // Standard Input/Output functions
~#define ADC_VREF_TYPE 0xC0 /1 ADC Used Internal Reference

’-_unsigﬂed int read_adc(unsigned char adc_input); // Read ADC Result
void FW_Step(int step);
void delay (void);

“yoid main(void)

" char uart_data;

unsigned int j=1,val,vall,val2; /f ADC Result
DDRA = 0x7F;

UCSROA=0x00;
chin=ox1s;
- UCSROC=0x86;
“ UBRROH=0x00;
- UBRROL=0x67;

ADMUX=ADC_VREF_TYPE;
ADCSRA=0x87;
SFIOR&=0xEF;

44



PORTA = 0x00;

uart_data = getchar();

if(uart_data=='s")
{
printf("\rStop");
PORTA = 0x00;
}
if(uart_data=='d")
{
val = read_ade(0);
vall=(val*5)/1 (;23;
val2=(val*5)%1023;
printf{"\r%u.%u",vall,val2);
}
Else
{
if(uart data=="")
{
if(j<8) {j++;}
else if(=8){j=1;}
FW_Step(j);
¥
if{uart_data=="r")
{
iG> {3
else if{j==1){j=8;}
FW_Step(j);
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}

”****************************************************************************ﬁ
5

I/ﬂ**u*************u** Read the AD conversion result AR AR R R KK [
”****************************************************************************k
L ynsigned int read_adc(unsigned char adc_input) // Read Result ADC

{
ADMUX=adc_mputtADC_VREF_TYPE;

ADCSRA[|=0x40; /{ Start the AD conversion

while ((ADCSRA & 0x10)==0); // Wait for the AD conversion to
complete

ADCSRA[=0x10;

return ADCW;

}

”***********************#****************************************************ﬁ
s

”l***********************************F‘N_quap*******************************ﬁ
’

”W***************************************************************************ﬁ
H

switch(step)

{
case 1: PORTA=0b00000001;delay();break;
case 2: PORTA=0b00000011;delay();break;
case 3: PORTA=0b00000010;delay();break;

case 4: PORTA=0b00000110;delay();break;

case 5: PORTA=0b00000100;delay();break;

£

case 6: PORTA=0b00001100;delay():break;
case 7: PORTA=0b00001000;delay();break;
case 8: PORTA=0b00001001;delay();break;

}



unsigned char d1,d2;
for(d1=0x0ff;d1>0;d1--)
{for(d2=0x0ff:d2>0;d2--) {}}
for(di=0x0ff;d1>0;d1--)
{for(d2=0x0ff;d2>0;d2--){}}
for(d1=0x0ff;d1>0;d1--)
{for(d2=0x0ff:d2>0;d2--) {} }
for(d1=0x01f;d1>0:d1--)
{for(d2=0x0ff;d2>0;d2--){} }
for(d1=0x01T;d1>0;d1--)
{for(d2=0x01f;d2>0;d2--){} }
for(d1=0x0ff;d1>0;d1--)
{for(d2=0x0ff;d2>0;d2--){}}
for(d1=0x0ff;d1>0:d1--)
{for(d2=0x01f;d2>>0;d2--){} }
for(d1=0x0ff:d1>0;d1--)
{for(d2=0x0ff;d2>0;d2--){}}
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T1/5un 9% Microsoft Visual Studio 6

Mdlumsiavuusinsunszaenduvesmae ima

fim cc As Byte
g(ddf&iBy1e
th Data(400) As Double

4 Data_n(400) As Double

y2 As Integer

h b As Integer

blic info As Double

Sk ook koo ol sk ks ok ok o ok ok o 3 o ook s ok ok oo ok ok ok ook oo ok ok o ok ok R o3 sk ok R oK o o6 3k o o o ok ok ok sk ok ok skt R okoR o sk sk ok
te Sub bac_Click()

erl.Enabled = False Then

erd.Interval = 200
14.Enabled = True

RN okt oo s o o s oo o ko ok e s 0 s o o oo o o e ok oo o o o e o o e o s o
te Sub Command1_Click()

-Enabled= True

Rand2 Enabled = True



fommand3.Enabled = True

feset.Epabled = True
W.Enabled = True
Bac.Enabled == True
Timer] Enabled = False
3 erz.EpabIed = False
per3.Enabled = Fajse
merd.Enabled = False

nerl Enabled = False Then
2. Interval = 40
t2.Enabled = Trye

e I.Enabled = False Then
.Enabied = False

: 1] I_Output . lusu
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}***************************************************************************

jvate Sub Command3_MouseUp(Button As Integer, Shift As Integer, X As Single, Y As

Timer1.Enabled = False Then
;,erB.Enabled = False

§Comm1.Output ="s"

e ek ko e ok e e e e e o o s sk s s ok ok ok o Sk sl e o ok o sk s e S sl ok ok sk e s 3 ok o 3800 Sk S S 3 S sk ol o ke e ol ook ok ok ok S S o ok ol o o o ok ot ok

te Sub Command4_Click()
_max = 0

=0 To 400

ta(j) > Data_max Then

_max = Data(j)

Picture] BackColor = RGB(255, 255, 255)
Picture1.Line (0, ymax / 2)-(xmax, ymax / 2), RGB(200, 200, 200)
Picture] Line (xmax / 2, 0)-(xmax / 2, ymax), RGB(200, 200, 200)

Picturel,Line (xmax /2 + 2147, ymax / 2 + 2147)-(xmax / 2 - 2147, ymax / 2 - 2147),
RGB(200, 200, 200)
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picturel Line (xmax / 2 - 2147, ymax / 2 + 2147)-(xmax / 2 + 2147, ymax / 2 - 2147),
RGB(200, 200, 200)

picturel.Circle (xmax / 2, ymax / 2), ymax / 8, RGB(200, 200, 200)

picturel.Circle (xmax / 2, ymax / 2), ymax / 8 * 2, RGB(200, 200, 200)
Picturel.Circle (xmax / 2, ymax / 2), ymax / 8 * 3, RGB(200, 200, 200)
f_’icturel.Circle (xmax / 2, ymax / 2), ymax / 8 * 4, RGB(200, 200, 200)

If(dd = 1 And Timerl.Enabled = False) Then
. Forj=1To399
x1 =xmax /2 + (Data_n(j - 1) * ymax / 10 * Cos(((G - 1) * 0.9 + 90) * 3.14159/ 180))
yl=ymax/2+(Data_n(j - 1) * ymax /10 * Sin((G - 1) * 0.9 +90) * 3.14159 / 180))
x2 = xmax / 2 + (Data_n(j) * ymax / 10 * Cos((j * 0.9 + 90} * 3.14159 / 180))
y2=ymax / 2+ (Data_n(j) * ymax / 10 * Sin((j * 0.9 +90) * 3.14159 / 130))
Picturel Line (x1, ymax - y1)-(x2, ymax - y2), RGB(200, 0, 0)
Picturel.PSet (x2, ymax - y2), RGB(200, 0, 0)
- Nextj

x1=xmax /2 + (Data_n{0} * ymax / 10 * Cos((90) * 3.14159 / 180))
yl = ymax /2 + (Data_n(0) * ymax / 10 * Sin((90) * 3.14159 / 180))
x2 =xmax / 2 -+ (Data_n(399) * ymax / 10 * Cos((399 * 0.9 + 90) * 3,14159 / 180))
y2=ymax /2 (Data_n(399) * ymax / 10 * Sin((399 * 0.9 + 90) * 3.14159 / 180))

Picturel.Line (x1, ymax - y1)-(x2, ymax - y2), RGB(200, 0, 0)

Picturel.PSet (x2, ymax - y2), RGB(200, 0, 0)

: If

d Sub
****************************************************************************
Vate Sub Commands_Click()

m2.Show

**************************************************************************

kg

Vate Sub exit_Click()
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erl Enabled = False

erdEnabled = False
onunl(thUtz"S"

omm1.PortOpen = False

s e o sk oo o e e e s o sk s sk e ok s otk s sk ok e ks s e ke e s s stk ot oo el ok kol s e s o o ol sk ook KoK o o R R ROK

te Sub Form_Load()

0

0

jax = Picturel.ScaleWidth

= Picturel.ScaleHeight

el.BackColor = RGB(255, 255, 255)
omm 1.CommPort = 1

8Comm1.Settings = "9600, n , 8, 1"
omm]1.PortOpen = True

erl.Enabled = False

Sub

B e o ok oo i s e o s o ok e e e ok s e o e S o ok e e s e S e s ok s el o ok ok ok o ko ok sl o o ok ok o ok sk ok ok ok ke sl ok ok kol ok ok ok
te Sub Form Unload(Cancel As Integer)
erl.Enabled = F alse

Mer2 Enabled = False

erd Enabled = False

ier4.Enabled = False

omm.Output = "s"

omm]. PortOpen = False

Sub

0 o o e e o oo o o Rk R sk o o sk koo ok o ok s s okt e ok koo ok o o

te Sub mnuExit_Click(Index As Integer) ‘
Br1 Enabled = False
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1er2 Enabled = Faise
rjmer3 Enabled = False
imer4.Enabled = False
MSComm1.Output ="s"
gComm1.PortOpen = False
l d

d Sub

****************************************************************************

‘ vate Sub mnuOpen_Click(Index As Integer)
jo 14 ShowOpen

digl FileName <> "" Then

el.Picture = LoadPicture(digl . FileName)
bel1 Height = 0

bel1. Width = 0

18.Visible = True
I9.Visible = Trye
110.Visible = True
11, Visible = True
112 Visible = True
213 Visible = True



If(dd =
Forj=1To 399

Picturel.BackColor = RGB(255, 255, 255)

Picturel.Line (0, ymax / 2)-(xmax, ymax / 2), RGB(200, 200, 200)

Picturel.Line (xmax / 2, 0)-(xmax / 2, ymax), RGB(200, 200, 200)

Picturel.Line (xmax /2 + 2147, ymax / 2 + 2147)~(xmax / 2 - 2147, ymax / 2 - 2147)
RGB(200, 200, 200)

13

Picturel.Line (xmax /2 - 2147, ymax / 2 + 2147)-(xmax / 2 + 2147, ymax / 2 - 2147),
RGB(200, 200, 200)

Picturel.Circle (xmax / 2, ymax / 2), ymax / 8, RGB(200, 200, 200)

Picturel.Circle (xmax / 2, ymax / 2), ymax / § * 2, RGB(200, 200, 200)
Picturel.Circle (xmax / 2, ymax / 2), ymax / 8 * 3, RGB(200, 200, 200)
Picturel.Circle (xmax / 2, ymax / 2), ymax / 8 * 4, RGB(200, 200, 200}

1 And Timer1.Enabled = False) Then

x] =xmax /2 + (Data(j - 1) * ymax / 10 * Cos({(G- 1) * 0.9+ 90) * 3.14159 / 180))
yl =ymax /2 + (Data(j - 1) * ymax / 10 * Sin(( - 1) * 0.9 + 90) * 3.14159 / 180))
X2 =xmax /2 + (Data(j} * ymax / 10 * Cos((j * 0.9 + 90) * 3.14159 / 180))
y2=ymax /2 + (Data(j) * ymax / 10 * Sin((j * 0.9 +90) * 3.14159/ 180))
Picturel.Line (x1, ymax - y1)-(x2, ymax - y2), RGB(0, 0, 200)

Picturel PSet (x2, ymax - y2), RGB(0, 0, 200)

Next j

X1 = xmax /2 + (Data(0) * ymax / 10 * Cos((90) * 3.14159 / 180))
yi=ymax /2 + (Data(0) * ymax / 10 * Sin((90) * 3.14159 / 180))
X2 =xmax / 2 + (Data(399) * ymax / 10 * Cos((399 * 0.9+ 90) * 3.14159 / 180))
Y2 =ymax /2 + (Data(399) * ymax / 10 * Sin((399 * 0.9 + 90) * 3.14159 / 180))

Picture!.Line (x1, ymax - yD-(x2, ymax - y2), RGB(0, 0, 200)
Picturel.PSet (x2, ymax - y2), RGB(0, 0, 200)

*

54
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gk KK SRR R AR R RO R KR R KK R AR 3 Rk

ate Sub mmuSave Click(Index As Integer)

DialogTitle = "Save image”

Filter = "Image(*.bmp)|* bmpllmage(* ipg)l* {pel Al fiels (*.){* "
efaultExt = ".bmp"

;-.FileName ="
ShowSave

g1 FileName <> "" Then

pPicture Picturel.Image, dlgl FileName

S o e 0 ok e ke Sk ok ok obe o s ok ol 2k 3k o ok s ol ok ok o ok sk ok ko sk ok afe s sk st ok sk e ok ok ok sk ok Ol ok st o b sk s ok e ok sk ol s o she o ok ok e ke ko ok sk ok ok ok

ate Sub precom_Click()
nerl,Enabled = False Then

§=1Then
‘rectanplot

If ¢c =2 Then

*************************************************************************
gTectanplot()

Visible = False

Visible = False

4.Visible = False
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¢l5.Visible = False
el6.Visible = False
el7.Visible = False
ﬁbeIS.Visible = False
ﬁ;beIQ.Visible = False
bel10.Visible = False
el11.Visible = False
abel12.Visible = False
el13.Visible = False

Picturel . BackColor = RGB(255, 255, 255) |

Picturel.Line (xmax / 20, ymax / 10)-(xmax - xmax / 20, ymax / 10), RGB(200, 200,
200)

Picturel.Line (xmax / 20, (ymax / 10 + {(ymax - 2 * ymax / 10) / 5))-(xmax - xmax / 20,
(ymax / 10+ (ymax - 2 * ymax / 10) / 5)), RGB(ﬁOO, 200, 200)

Picturel.Line (xmax / 20, (ymax / 10 + 2 * (ymax - 2 * ymax / 10) / 5))-(xmax - xmax /
20, (ymax / 10+ 2 * (ymax - 2 * ymax / 10) / 5)), RGB(200, 200, 200)

Picturel.Line (xmax / 20, (ymax / 10 + 3 * (ymax - 2 * ymax / 10) / 5))~(xmax - xmax /
20, (ymax / 10+ 3 * (ymax - 2 * ymax / 10) / 5)), RGB(200, 200, 200)

Picturel.Line (xmax / 20, (ymax / 10 + 4 * (ymax - 2 * ymax / 10} / 5))-(xmax - xmax /
20, (ymax / 10 + 4 * (ymax - 2 * ymax / 10) / 5)), RGB(200, 200, 200)

Picturel Line (xmax / 20, (ymax / 10+ 5 * (ymax - 2 * ymax / 10} / 5))-(xmax - xmax /
20, (ymax / 10+ 5 * (ymax - 2 * ymax / 10) / 5)), RGB(200, 200, 200)

Picturel.Line (xmax / 20, (ymax / 10 + 5 * (ymax - 2 * ymax / 10) / 5))~(xmax / 20,
ymax / 10}, RGB(200, 200, 200)

Picturel.Line (xmax / 20 + (xmax - 2 * xmax / 20) / 4, (ymax / 10+ 5 * (ymax - 2 *
ymax / 10} / 5))-(xmax / 20 + (xmax - 2 * xmax / 20) / 4, ymax / 10), RGB(200, 200,
200)

Picturel.Line (xmax / 20 + 2 * (xmax - 2 * xmax / 20) / 4, (ymax / 10+ 5 * (ymax - 2 *
ymax / 10} / 5))-(xmax / 20 + 2 * (xmax - 2 * xmax / 20) / 4, ymax / 10), RGB(200, 200,
200) |
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Picturel.Line (xmax /20 + 3 * (xmax - 2 * xmax / 20} / 4, (ymax / 10 + 5 * (ymax - 2 *
ymax / 10) / 5))-(xmax /20 + 3 * (xmax - 2 * xmax / 20) / 4, ymax / 10), RGB(200, 200,
200)

Picturel.Line (xmax / 20 + 4 * (xmax - 2 * xmax / 20} / 4, (ymax / 10+ 5 * (ymax - 2 *
ymax / 10} / 5))-(xmax / 20 + 4 * (xmax - 2 * xmax / 20) / 4, ymax / 10), RGB(200, 200,
200)

pdd = | And Timerl.Enabled = False Then
Forj=1To 400

If j <= 200 Then
x1=xmax /2-((j-1)* ((xmax - 2 * xmax / 20) / 400))

yl = ymax - ((ymax / 10) + (ymax - 2 * ymax / 10) * Data(j - 1) / 5)
x2=xmax/2-(j * ((xmax - 2 * xmax / 20) / 400))

y2 = ymax - ((ymax / 10) + (ymax - 2 * ymax / 10) * Data(j) / 5)

Picturel.Line (x1, y1)-(x2, y2), RGB(0, 0, 200)
Picture1.PSet (x2, y2), RGB(0, 0, 200)

Elselfj > 200 And j < 400 Then

x1 =xmax - xmax / 20 - ((j - 200 - 1} * ({xmax - 2 * xmax / 20) / 400))
yl = ymax - ((ymax / 10) + (ymax - 2 * ymax / 10) * Data(j - 1) / 5)
X2 = xmax - xmax / 20 - ({j - 200) * ((xmax - 2 * xmax / 20) / 400))

y2 = ymax - ((ymax / 10) + (ymax - 2 * ymax / 10) * Data(j) / 5)

Picturel.Line (x1, y1)-(x2, y2), RGB(0, 0, 200)

Picturel.PSet (x2, y2), RGB(0, 0, 200)

Elself - 400 Then

xl=xmax /2

¥1=ymax - ((ymax / 10) + (ymax - 2 * ymax / 10) * Data(0) / 5)
Picture1.Line (x1, y1)-(x2, y2), RGB(0, 0, 200)

Picture1.PSet (x2, y2), RGR(0, 0, 200)



ce=0

v

kmax =

ymax =
Picturel BackColor = RGB(253, 255, 255)

End If

Private Sub reset_Click()
Commandl .Enabled = False
m-oom.Enabled = False
teset.Enabled = False

foc <> 0 Then

Picturel . ScaleWidth
Picturel .ScaleHeight

Timer] Enabled = False

ata(i)

Next i

Jimer2 Enabled = False
Timer3.Enabled = Falsc
8Comm1.0utput = "s"
for i =0 To 399

=0

Picturel.BackColor = RGB(253, 255, 255)

Picturel.Line (0, ymax / 2)-(xmax, ymax / 2), RGB(200, 200, 200)

Picturel.Line (xmax / 2, 0)-(xmax / 2, ymax), RGB(200, 200, 200)

Picturel.Line (xmax / 2 + 2147, ymax / 2 + 2147)-(xmax / 2 - 2147, ymax / 2 - 2147),
RGB(200, 200, 200)

Picturel.Line (xmax / 2 - 2147, ymax / 2 + 2147)-(xmax / 2 + 2147, ymax / 2 - 2147),
RGB(200, 200, 200)

58

***l**************************************************************************
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picturel.Circle (xmax / 2, ymax / 2), ymax / 8, RGB(200, 200, 200)

Picturel.Circle (xmax / 2, ymax / 2), ymax / 8 * 2, RGB(200, 200, 200)
Picturel.Circle (xmax / 2, ymax / 2}, ymax / 8 * 3, RGB(200, 200, 200)
Picturel.Circle (xmax / 2, ymax / 2), ymax / § * 4, RGB(200, 200, 200)

End If
¢ abel2. Visible = True
bel3.Visible = True
_'.zbe14.Visible = True
fi'beIS.Visible = True

B 26c10.Visible = True

bel10.Visible = True
bel11.Visible = True
bel12.Visible = True
bell3.Visible = True

o o o sk sk ok e o e s o b s e s e sk Sk ke Sk e e 0 o ok o s ok sk i S e ok oo b ok oo o e e e ok ol R 9 8 9 sk ke s o ok e ok ok ok ok e B e o o R ok

vate Sub start_Click()
ommandl. Enabled = True
.Enabled = False
mmand2.Enabled = False
mmand3 Enabled = False

om,Enabled = False
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MSCOmInl.Output ="g"
Timer1.Interval =200

Timerl‘Enabled = True

Picturel.BackColor = RGB(255, 255, 255)

Picturel Line (0, ymax / 2)-(xmax, ymax / 2), RGB(200, 200, 200)

Picturel Line (xmax / 2, 0)-(xmax / 2, ymax), RGB(200, 200, 200)

Picturel.Line (xmax / 2 + 2147, ymax / 2 + 2147)-(xmax / 2 - 2147, ymax / 2 - 2147),
RGB(200, 200, 200)

Picturel Line (xmax /2 - 2147, ymax /2 + 2147)—(xmax /2+2147, ymax /2 - 2147),
RGB(200, 200, 200)

Picturel.Circle (xmax / 2, ymax / 2), ymax / 8, RGB(200, 200, 200)

Picturel.Circle (xmax / 2, ymax / 2), ymax / 8 * 2, RGB{(200, 200, 200)
Picturel.Circle (xmax / 2, ymax / 2), ymax / 8 * 3, RGB(200, 200, 200)
Picturel.Circle (xmax / 2, ymax / 2), ymax / 8 * 4, RGB(200, 200, 200)

BbeIS Visible = True
e19.Visible = True
e110.Visible = True
el11.Visible = True
| ¢112.Visible = True
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3 pel13.Visible = True

d Sub

*****ebk********************************************************************

vate Sub Timerl_Timer()

Error Resume Next

t SpeedBaud = 16000

im LngSize As Long, X
MSComm1.DTREnable = False
MSComm1.DTREnable = True
MSComm1.InputLen =0

fdd =1 Then
SComml Output = "1"

If dd = 0 Then 'get first data
MSComm1.Qutput ="g"
datain = MSComml1.Input

j = datain

dd=1

Data(0) = j

nfo = Data(0)
Form2.Listl.List(0)=0&" : " & info

Else



62

MSComm1.Output = "gd"

datain = MSComm 1.Input

j = datain ‘get data 2 - 360 and plot line
Data(i} = j

info = Data(i)

Form2.Listl List(i) =@ *09&" : " & info

x1=xmax /2 +(Data(i- 1) * ymax /10 * Cos({(i - 1) * 0.9 + 90) * 3.14159 / 180))
yl =ymax /2 +(Data(i- 1) * ymax / 10 * Sin(((i- 1) * 0.9+ 90) * 3.14159/ 180))
x2 =xmax / 2 + (Data(i) * ymax / 10 * Cos((i * 0.9 + 90) * 3.14159 / 180))
y2 =ymax / 2 + (Data(i) * ymax / 10 * Sin{(i * 0.9 + 90) * 3.14159 / 180))

Picturel.Line (x1, ymax - y1)-(x2, ymax - y2), RGB(0, 0, 200)
Picturel.PSet (x2, ymax - y2), RGB(0, 0, 200)

i=i+1
End If
Ifi>=400 Then 'limit data and plot line data(0)-data(360)

Timer1.Enabled = False
MSComm1.Qutput = "s"
prcom.Enabled = True
Command?2.Enabled = True
Command3.Enabled = True
reset.Enabled = True
start.Enabled = True

bac.Enabled = True

MSComm1.Qutput = "d"
datain = MSComm1.Input
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j= datain
Data(i) =j
info = Data(i)

Form2 Listl.List() =D *¢9&" : " & info

x1 = xmax / 2 + (Data(0) * ymax / 10 * Cos((90) * 3.14159 / 180))
yl1 = ymax /2 + (Data(0) * ymax / 10 * Sin((90) * 3.14159 / 180))
x2 = xmax / 2 + (Data(400) * ymax / 10 * Cos({(400 * 0.9 + 90) * 3.14159 / 180))
y2 = ymax / 2 + (Data(400) * ymax / 10 * Sin((400 * 0.9 + 90) * 3.14159 / 180))

Picturel.Line (x1, ymax - y1)-(x2, ymax - y2), RGB(0, 0, 200)
Picturel.PSet (x2, ymax - y2), RGB(0, 0, 200)

End If
ub
. o e ook 3k 3 b e e o ok S ok 23 36 o ok 3 ok 8 ok 6 s ok 3k R e e ke i 3k ok st o ke e ok i s sk sfe ke e sk o ok ke e o o e oK 3k ok ok ok ol e 3k sk ol s o Sk sk ol ok ok ok sk ok ok
' I;).te Sub Timer2_Timer()
8Comm1.PortOpen = True
Comml.Output ="
¥Comm 1. PortOpen = False
lib
e e e s e e s s s ok s o ok e sk sk sk ek ok o sk sk ke sl ok ok o o s sk s s e e e e okt ok s ook e e ok 3 S ok s 3k sk sk sk ok sk sk sk ok sk sk ok ok ok
Yate Sub Timer3 _Timer()
omm]1 PortOpen = True
omm1.Output = "r"

omm1.PortOpen = False

= Myt

T
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P pam LALITIAY GRLGY FEALUTIO GREY FEAUUTIOY
: (Degree) W) (Degree) W) (Degree) \2
T 0 2.604 25.2 2739 50.4 1.907
0.9 2624 26.1 2.774 513 1.832
1.8 2614 27.0 2.764 522 1.762
27 2619 27.9 2.754 53.1 1.712
36 2.649 28.8 2.759 54.0 1.607
45 2.644 29.7 2,744 54.9 1.547
54 2.654 30.6 2.739 55.8 1477
63 2.649 315 27124 56.7 1.427
72 2.664 324 2714 57.6 1.372
8.1 2.659 333 2.714 58.5 1317
9.0 2,674 34.2 2.719 59.4 1.272
99 2.674 35.1 2.684 60.3 1.242
108 2.679 36.0 2.664 612 1217
117 2.694 36.9 2.639 62.1 1.202
126 2.689 378 2.604 63.0 1.202
© 135 2,699 38.7 2.569 63.9 1207
144 2704 39.6 2.544 64.8 1.197
153 2704 405 2.504 65.7 1.197
162 2.704 414 2.499 66.6 1.202
1 2.694 423 2.434 67.5 1212
180 0.689 432 2.384 68.4 1.227
- 189 2.729 44.1 2324 69.3 1.242
193 2.749 450 2259 70.2 1.247
'ii 20.7 2.749 459 2219 71.1 1.267
= 2.734 46.8 2,154 72.0 1.302
225 27124 477 2.940 72.9 1.297
L 34 2.729 43.6 2390 73.8 1307
%3 2.734 49.5 1.982 7477 1.327
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04 FEAUUTIAY 24N SEAVUTIAY CRT SEALNITIAY
" (Degred) ) (Degree) V) (Degree) )
s 56 1317 101.7 1217 127.8 1.892
s 1317 102.6 1.232 128.7 1.897
4 0.352 103.5 1252 129.6 1.897
783 1342 104.4 1277 130.5 1.897
792 1.342 105.3 1.297 131.4 1.912
80.1 1342 106.2 1.347 132.3 1.907
B 510 1337 107.1 1.387 133.2 1.907
81.9 1322 108.0 1.422 134.1 1.902
C 828 1.297 108.9 1462 135.0 1.897
83.7 1.307 109.8 1.492 135.9 1.887
. 846 1.297 110.7 1.527 136.8 1.867
855 1.272 1116 1552 1377 1.867
' 864 1.277 112.5 1.577 138.6 1.852
- 873 1.257 113.4 1.607 139.5 1.837
882 1.237 114.3 1.637 140.4 1.817
- 89.1 1.217 115.2 1,677 141.3 1.802
900 1207 116.1 1702 142.2 1762
909 1.202 117.0 1727 143.1 1737
- 918 1172 117.9 1.737 144.0 1707
: 2.7 1.162 118.8 1.777 144.9 1.657
. 93.6 1.137 119.7 1.777 145.8 1,637
945 1.137 120.6 1.792 146.7 1.602
954 1.137 1215 1.812 147.6 1.537
963 1.127 122.4 1.817 148.5 1.497
912 1132 123.3 1.857 149.4 1.437
 98.1 1.132 1242 1.877 1503 1352
¥ 99,0 1.137 125.1 1.872 151.2 1.287
'5'99-9 1157 126.0 1.882 152.1 1.202
;“00-8 1.182 126.9 1.882 153.0 1.122
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gam LOUNTIAU R FEAULTIAH 24 FEALNTIAH
 (Degreo) V) (Degree) \2 (Degree) v)
" 153.9 1370 180.0 0.000 206.1 0.000
154.8 0.945 180.9 0.000 207.0 0.000
1557 0.865 181.8 0.000 207.9 0.000
156.6 0.740 182.7 0.000 208.8 0.500
157.5 0.635 183.6 0.000 209.7 0.100
. 1584 0.525 184.5 0.000 210.6 0.150
159.3 0.425 185.4 0.000 211.5 0.150
160.2 0.340 186.3 0.000 212.4 0.500
. 1611 0.275 187.2 0.000 213.3 0.550
1620 0.195 188.1 0.000 214.2 0.900
" 162.9 0.135 189.0 0.000 215.1 0.110
1638 0.950 189.9 0.000 216.0 0.145
. 164.7 0.350 190.8 0.000 216.9 0.165
. 165.6 0.500 191.7 0.000 217.8 0.200
: 166.5 0.000 192.6 0.000 218.7 0.225
- 167.4 0.000 193.5 0.000 219.6 0.270
168.3 0.000 194.4 0.000 220.5 0.305
- 169.2 0.100 1953 0.000 221.4 0.345
- 1701 0.000 196.2 0.000 2223 0.370
1710 0.000 197.1 0.000 223.2 0.400
1729 0.000 198.0 0.500 224.1 0.440
. 172.8 0.000 198.9 0.000 225.0 0.480
1737 0.000 199.8 0.000 225.9 0.535
1746 0.200 200.7 0.000 226.8 0.595
;175-5 0.000 201.6 0.000 2277 0.635
;176.4 0.000 202.5 0.000 228.6 0.685
1773 0.000 203.4 0.000 229.5 0.775
1782 0.000 204.3 0.000 230.4 0.810
179.1 0.000 205.2 0.000 231.3 0.865
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pafl STAUNTIAU DI SEAUUTIAY 23 TEAVUTIAY
. egred) V) (Degree) V) (Degree) V)
232.2 0.930 258.3 1.427 284.4 0.360
3 0.960 259.2 a7 | 2853 0.305
234.0 1.120 - 260.1 1412 286.2 0.240
234.9 1.320 261.0 1397 287.1 0.190
% 235.8 1.970 261.9 1.392 288.0 0.150
ﬁ 236.7 1.142 2628 | 1372 288.9 0.120
= 2376 1.187 263.7 1.367 289.8 0.800
- 2385 1217 264.6 1.352 290.7 0.500
- 2394 1.252 265.5 1.342 291.6 0.250
4 240.3 1,282 266.4 1.327 292.5 0.150
2412 1.317 673 | 1297 293.4 0.150
. 2421 1.347 268.2 1.257 2943 0.000
- 243.0 1.382 269.1 1.247 295.2 0.150
- 243.9 1392 270.0 1.222 296.1 0.100
2448 1402 270.9 1.197 297.0 0.150
:{f‘245.7 1.402 271.8 1.152 i 297.9 0.350
2466 1.427 272.7 1.107 298.8 0.850
2475 1437 273.6 1.570 299.7 0.145
- 2484 1.452 274.5 1.700 300.6 0.255
2493 1.437 275.4 0.975 301.5 0365
95022 1.457 276.3 0.945 302.4 0.495
5:251.1 1.467 277.2 0.880 303.3 0.685
.,'2_52-0 1.462 278.1 0.815 304.2 0.895
2529 1.447 279.0 0.725 305.1 1.520
253.8 1.452 279.9 0.645 306.0 1.282
‘\,_54-7 1.457 280.8 0.585 306.9 1.432
£35.6 1.447 281.7 0515 307.8 1.612

56.5 1432 282.6 0.475 308.7 1767 |
57.4 1.422 283.5 0.425 309.6 1.897
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STAUNTIAU 231 FAUUTIAU 34 FLALUIIAY
V) (Degree) (v) (Degree) V)
1.102 327.6 2.729 344.7 2,664
2.940 328.5 2.734 345.6 2.649
2.149 329.4 2.719 346.5 2.644
2234 330.3 2.709 3474 2.654
2.289 3312 2729 348.3 2.659
2.354 332.1 2.729 349.2 2,639
2.414 333.0 2.724 350.1 2.639
2.474 3339 2.704 351.0 2.639
2.534 3348 2.709 351.9 2.619
2.564 335.7 2.699 352.8 2.604
2.584 336.6 2.694 353.7 2.639
2.619" 3375 2.689 354.6 2.629
2,634 338.4 2.684 355.5 2.634
2.664 339.3 2.714 356.4 2.599
2,674 340.2 2.694 3573 2.624
2.689 341.1 2.689 358.2 2.614
2.719 342.0 2.689 359.1 2.604
2.734 342.9 2.674
2729 343.8 2.669
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g4m STAUUTIAY 24 FLATITIAU 8411 FLAUNTIAU
© (Degree) V) (Degree) W) (Degree) V)
" 00 2.614 25.2 2.724 50.4 2,164
0.9 2.609 26.1 2.719 51.3 2.740
2.614 27.0 2.754 522 2.140
2614 27.9 2.754 53.1 2.190
2.624 28.8 2.759 54.0 1.887
2.644 29.7 2.754 549 1.812
2.639 30.6 2.754 55.8 1.732
2.659 315 2.749 56.7 1.662
2.649 32.4 2.729 57.6 1.612
2.659 33.3 2.764 58.5 1.532
2.644 34.2 2:754 59.4 1.462
2.644 35.1 2744 60.3 1.442
2,679 36.0 2.724 61.2 1.337
2.694 36.9 2.719 62.1 1.287
2.704 37.8 2.694 63.0 1.252
2.699 38.7 2.689 63.9 1242
2.694 39.6 2.644 64.8 1.202
2.699 40.5 2.619 65.7 1.182
2.699 41.4 2.614 66.6 1.172
2.694 423 2.574 67.5 1.177
2.699 432 2.549 68.4 1.177
2.729 44.1 2.504 69.3 1.182
2.729 45.0 2.464 70.2 1.187
2.719 459 2.449 71.1 1.217
2.729 46.3 2.364 72.0 1.232
2.724 477 2.309 72.9 1,257
2734 48.6 2254 73.8 1.262
2.719 49.5 2219 74.7 1.252
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2490 STAUUTIAY 29 TAUNSIAY BIM STAUNTIAY
(Degree) V) (Degree) \2 (Degree) V)
75.6 1297 101.7 1.820 127.8 1.897
P2
76,5 1.302 102.6 1.920 128.7 1.897
774 1312 103.5 1.107 129.6 1.907
|
[ 3 1327 104.4 1.127 130.5 1.922
792 1347 105.3 1.167 131.4 1.942
" 0 1357 106.2 1.202 132.3 1.942
81.0 1357 107.1 1.247 133.2 1.942
81.9 1.352 108.0 1.302 134.1 1.942
L s 1347 108.9 1.337 135.0 on |
87 1347 109.8 1377 135.9 1.937
84.6 1337 110.7 1377 136.8 1.932
85.5 1.327 1116 1.442 137.7 1.927
;364 1.327 1125 1.492 138.6 1.932
- 873 1307 1134 1532 139.5 1.932
882 1.287 1143 1.562 140.4 1.912
89,1 1.287 115.2 1,592 1413 1.902
900 1.247 116.1 1.647 142.2 1.902
© 909 1227 117.0 1677 143.1 1.857
b 018 1.192 117.9 1.687 144.0 1.842
XX 1.157 118.8 1.697 144.9 1.822
936 1.147 119.7 1742 145.8 1.812
. 945 1112 120.6 1.767 146.7 1.802
95.4 1.107 121.5 1782 147.6 1.757
96.3 1,127 122.4 1.812 148.5 1.712
'{._97.2 1.102 1233 1.847 149.4 1.672
98.1 1.570 124.2 1.877 150.3 1.637
:-lj99-0 1470 125.1 1.862 151.2 1.587
999 1170 126.0 1872 152.1 1.527
1003 1.670 126.9 1.892 153.0 1477

S S
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a4 STAUNTIAY 94N FEAUUTIAY 23mM FTAUNIIAY
© Degre) ) (Degree) ) (Degree) )
g; 153.9 1.467 180.0 0.000 206.1 0.000
m 154.8 1.357 180.9 0.000 207.0 0.000
155.7 1.287 181.8 0.000 207.9 0.000
156.6 1.212 182.7 0.000 208.8 0.000
157.5 1.117 183.6 0.000 209.7 0.000
if;_‘ 158.4 1.120 184.5 0.000 210.6 0.000
1593 0.930 185.4 0.000 2115 0.500
160.2 0.815 186.3 0.000 212.4 0.300
161.1 0.795 187.2 0.000 213.3 0.450
- 162.0 0.655 188.1 0.000 214.2 0.550
" 162.9 0.535 189.0 0.000 215.1 0.125
. 163.8 0.435 189.9 0.500 216.0 0.175
1647 0.330 190.8 0.000 2169 0225
. 165.6 0.260 191.7 0.000 217.8 0.265
. 166.5 0.180 192.6 0.000 218.7 0.265
1674 0.130 193.5 0.000 219.6 0335
168.3 0.950 194.4 0.000 220.5 0.380
+169.2 0.400 195.3 0.150 221.4 0.420
. 170.1 0.500 196.2 0.000 222.3 0.460
1710 0.000 197.1 0.000 223.2 0.490
1729 0.000 198.0 0.000 224.1 0.515
172.8 0.000 198.9 0.000 225.0 0.560
1.7 0.000 199.8 0.000 225.9 0.565
174.6 0.000 200.7 0.000 226.8 0.600
175.5 0.000 201.6 0.000 227.7 0.640
',;'76-4 0.000 202.5 0.000 228.6 0.670
;77-3 0.000 203.4 0.000 229.5 0.675
78.2 0.000 204.3 0.000 230.4 0.710
79.1 0.000 205.2 0.000 2313 0.730
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‘ﬂ o s < o as [y
il paf TEIUNUTIOU 243 FLAVUTIAH M AN LR [} N
| (Degree) V) (Degree) v) (Degree) ™)
[ 2322 0.745 258.3 1.547 284.4 0.495
= 9331 0.755 259.2 1.562 285.3 0.435
o1 2340 0.755 260.1 1,557 286.2 0.415
|
i 2349 0.760 261.0 1.547 287.1 0.385
L 2358 0.810 261.9 1.542 288.0 0.350
L2367 0.805 262.8 1.527 288.9 0.295
i 9376 0.845 263.7 1.517 289.8 0.240
- 238.5 0.870 264.6 1.517 2907 0.240
. 2304 0.890 265.5 1.497 291.6 0.160
E 2403 0.890 266.4 1.487 292.5 0.130
2412 0.935 267.3 1.457 293.4 0.110
2421 0.965 268.2 1.417 294.3 0.600
;2430 1.200 269.1 1.412 295.2 0.400
. 243.9 1.570 270.0 1352 296.1 0.150
. 244.8 1.920 270.9 1.322 297.0 0.150
45,7 1.132 271.8 1.277 297.9 0.150
- 246.6 1.167 2727 1.247 298.8 0,150
2475 1.177 273.6 1.192 299.7 0.150
; 248.4 1257 274.5 1.142 300.6 0.150
2493 1.287 275.4 1.720 3015 0.500
25022 1.332 276.3 1.670 302.4 0.600
2511 1377 277.2 0.985 303.3 0.140
£252.0 1.412 278.1 0.925 304.2 0.235
- 252.9 1,437 279.0 0.855 305.1 0.270
2538 1.462 279.9 0.810 306.0 0.480
£ 254,7 1.452 280.8 0.755 306.9 0.650
+255.6 1.497 281.7 0.690 307.8 0.875
256.5 1.507 282.6 0.615 308.7 1.107
2574 1.507 283.5 0.605 309.6 1.302
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29F SEALUIIAY D491 SEALNTIA 949 SEAVUTINH
(Degree) v) (Degree) ) (Degree) v)
310.5 1.502 327.6 2,709 344.7 2.689
3114 1.682 328.5 2714 345.6 2.684
312.3 1.697 329.4 2,719 346.5 2.669
313.2 1.902 330.3 2.724 347.4 2.689
314.1 2.400 331.2 2724 348.3 2.689
315.0 2.104 3321 2.729 349.2 2.684
315.9 2.189 333.0 2.739 350.1 2.669
316.8 2.259 3339 2734 351.0 2.664
317.7 2,339 3348 2.724 351.9 2.639
2.409 335.7 2.724 352.8 2.654
2.409 336.6 2.714 353.7 2.634
320.4 2.489 337.5 2.714 354.6 2.649
2.509 338.4 2.704 355.5 2.624
2.569 339.3 2.704 356.4 2.644
2.589 340.2 2.719 357.3 2.634
2.614 341.1 2.734 358.2 2.634
2,674 342.0 2.714 359.1 2.634
2.694 342.9 2.704
2.699 343.8 2,689
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4mM FLAUUIIAN 24fM FEAVUTIAU 241 STAUUTIAH
- (Degred) V) (Degree) V) (Degree) ™)
™ 00 2.759 25.2 2.799 50.4 2.774
. 09 2.749 26.1 2.804 51.3 2.769
%‘ 1.8 2.759 27.0 2,804 52.2 2.754
Y 2.759 279 2.804 53.1 2.759
36 2.739 28.8 2774 54.0 2.739
45 2.759 29.7 2.784 54.9 2.719
54 2.744 30.6 2.814 55.8 2.699
6.3 2.734 31.5 2.819 56.7 2.664
72 2.744 32.4 2.819 576 2.629
8.1 2.764 33.3 2,814 58,5 2.629
xX 2.769 342 28304 50.4 2,59
= 9.9 2.769 35.1 2.804 60.3 2.584
- 108 2.764 36.0 2.809 612 2.569
e 117 2.759 36.9 2.804 62.1 2.539
126 2.744 37.8 2.839 63.0 2.504
13.5 2.754 38.7 2.839 63.9 2,474
144 2.764 39.6 2.834 64.8 2.444
153 2.774 40.5 2.824 65.7 2.439
16.2 2.789 41.4 2.824 66.6 2.404
17.1 2.784 423 2.824 67.5 2.389
. 18.0 2784 32 2.819 68.4 2364
189 2.779 441 2.824 69.3 2329
193 2.789 45.0 2.824 70.2 2.309
"_20-7 2.789 45.9 2834 71.1 2269
216 2.779 46.8 2.819 72.0 2.254
2.3 2.779 417 2.809 72.9 2.239
-j_3-4 2.799 48.6 2.809 73.8 2.204
-f_ -3 2,809 49.5 2,789 74.7 2.174
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paf FEAUUTIAY GRTY TEAVUTINY 94 FYAVNTIAY
(Degree) ) (Degree) \ (Degree) V)
E 56 2.169 101.7 1317 12738 0.920
6.5 2.144 102.6 1.242 128.7 0.925
774 2134 103.5 1217 129.6 0.925
183 2.690 104.4 1172 130.5 0.930
792 2.640 105.3 1.152 131.4 0.935
80.] 2.490 106.2 1.122 1323 0.930
81.0 2.240 107.1 1.620 133.2 0.940
819 1.102 108.0 1320 134.1 0.960
828 1.102 108.9 1.170 135.0 0.945
837 1.992 109.8 0.995 135.9 0.960
" 84.6 1.962 110.7 0.985 136.8 0.945
85.5 1917 1116 0.955 137.7 0.940
g 86.4 1.892 1125 0.950 138.6 0.945
873 1.882 113.4 0.930 139.5 0.945
- 88.2 1.857 1143 0.905 140.4 0.945
£ 89,1 1.822 1152 0.890 1413 0.935
90.0 1.797 116.1 0.885 142.2 0.920
0.9 1.757 117.0 0.885 143.1 0.905
918 1737 117.9 0.880 144.0 0.890
927 1.672 118.8 0.875 144.9 0.890
936 1.652 119.7 0.885 145.8 0.875
4.5 1.637 120.6 0.880 146.7 0.860
95 4 1577 121.5 0.880 147.6 0.840
96.3 1.547 122.4 0.885 148.5 0.810
912 1.507 1233 0.870 149.4 0.805
9.1 1.462 124.2 0.890 150.3 0.785
99.0 1.432 125.1 0.885 151.2 0.780
9.9 1.367 126.0 0.895 152.1 0.760
3 1.347 126.9 0.905 153.0 0.725
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T STALUTIAU D41} LAUUSIAY 94Mm FEAUUTIAY
xf (Degree) V) (Degree) V) (Degree) 8%
gw 153.9 0.695 180.0 0.270 206.1 0.660
1548 0.650 180.9 0.275 207.0 0.695
" 1557 0.650 181.8 0.260 207.9 0.750
1566 0.635 182.7 0.250 208.8 0.780
. 157.5 0.590 183.6 0.250 209.7 0.795
= 158.4 0.590 184.5 0.250 210.6 0.835
1593 0.570 185.4 0.265 211.5 0.845

" 160.2 0515 186.3 0.280 212.4 0.885

. 161.1 0.505 187.2 0.300 213.3 0.920

1620 0.485 188.1 0270 214.2 0.960

“ 162.9 0475 189.0 0.270 215.1 1.200

163.8 0.445 189.9 0.285 216.0 1.700

. 164.7 0.425 190.8 0.300 216.9 1.170

165.6 0.405 191.7 0.325 217.8 1.420

166.5 0.395 192.6 0.340 218.7 1.720

167.4 0375 193.5 0.355 219.6 1.107

68.3 0.37 194.4 0.350 220.5 1.142

(692 037 195.3 0.350 21.4 1.162

76.1 0.345 196.2 0.380 2223 1.197

71,0 0.315 197.1 0.400 223.2 1.202

29 0.305 198.0 0.435 224.1 1.197

/2.8 0.305 198.9 0.440 225.0 1.252

3.7 0.310 199.8 0.455 225.9 1272
74,6 0.295 200.7 0.485 226.8 1.307
5.5 0.285 201.6 0.510 227.7 1317
o4 | 0275 202.5 0.535 228.6 1.327
0.3 0.275 203.4 0.58 229.5 1.342
";_‘-2 0.260 204.3 0.600 230.4 1.367
_}5_1 0.255 205.2 0.635 231.3 1.377
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oM FTAULTIAY 94 FLAUUSIRY 84MM FLAUUIIAY
- Degreo) W (Degree) W (Degree) 2
F 22 1432 258.3 1.662 284.4 2369
E 231 1417 259.2 1.652 285.3 2.399
2340 1.422 260.1 1.667 286.2 2.404
234.9 1.437 261.0 1702 287.1 2.439
- 2358 1.447 261.9 1.732 288.0 2.439
236.7 1.462 262.8 1.757 288.9 2.469
E 937.6 1.477 263.7 1.782 289.8 2.479
. 2385 1.487 264.6 1.792 290.7 2.479
. 2394 1.497 265.5 1.862 291.6 2.509
2403 1.497 266.4 1.882 202.5 2.529
2412 1.502 267.3 1.872 203.4 2.539
- 242.1 1.502 268.2 1.927 204.3 2.569
2430 1.512 269.1 1.947 295.2 2.584
¢ 243.9 1.527 270.0 1101 296.1 2.579
2448 1.517 270.9 2.14 297.0 2.589
25_245.7 1.522 2718 2.54 297.9 2.599
£ 246.6 1.502 2727 2.84 298.8 2.609
9475 1.522 273.6 2.99 299.7 2.654
 248.4 1.532 274.5 2.99 300.6 2.674
2493 1.542 275.4 2.114 301.5 2.689
;;230.2 1.542 276.3 2.159 302.4 2.699
?"_251.1 1.552 277.2 2.209 303.3 2.689
520 1.547 278.1 2.234 304.2 2.699
0529 1.532 279.0 2.249 305.1 2.714
253.8 1.552 279.9 2.284 306.0 2734
347 1.587 280.8 2.289 306.9 2.774
455.6 1.587 281.7 2.304 307.8 2.774
$56.5 1.607 282.6 2314 308.7 2.779
5_7-4 1.612 283.5 2.344 309.6 2.779
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/’—f [y [ o @ Qr o
' 24 FEEUUIIAH [aNfh| FLAHUFINU 03617 FEAVNTIAY
| (Degree) V) (Degree) V) (Degree) V)
Pt
310.5 2.794 327.6 2.814 344.7 2.804
k| 3114 2.794 328.5 2.814 345.6 2.804
1 Piamat
312.3 2.804 329.4 2.854 346.5 2.804
A
313.2 2.804 330.3 2.834 347.4 2.789
314.1 2.809 331.2 2.824 348.3 2.789
315.0 2.834 332.1 2814 349.2 2.769
315.9 2.819 333.0 2.819 350.1 2.764
316.8 2.839 333.9 2.814 351.0 2.789
- 177 2.839 334.8 2.819 351.9 2.794
2.834 335.7 2.804 352.8 2.804
2.829 336.6 2.834 353.7 2.784
2.819 337.5 2.819 354.6 2.769
2.819 338.4 2.819 355.5 2.759
2.839 339.3 2.809 356.4 2.759
2.839 340.2 2.814 357.3 2,759
2.844 341.1 2.799 358.2 2.759
2.834 342.0 2.799 359.1 2,774
2.819 342.9 2.794
2.809 343.8 2.799
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24N FTAUUTIAM 291 ITALUITIAU 94 TTAUUTIAN
| (Degree) \4 (Degree) '\ (Degree) W)
s
1 00 2.744 252 2784 50.4 2.799
"
A 09 2.729 26.1 2.814 513 2.784
K 2.739 27.0 2.809 522 2,779
[
2.7 2.769 27.9 2.804 53.1 2.754
L 36 2.774 28.8 2.799 54.0 2.729
" 45 2.764 29.7 2.789 54.9 2.704
. 54 2.754 30.6 2.799 55.8 2.704
- 63 2759 315 2794 56.7 2.699
72 2.749 32.4 2.799 57.6 2674
- 81 2.749 333 2.824 58.5 2.639
9.0 2754 342 2.824 59.4 2.629
9.9 2.749 35.1 2.809 60.3 2.599
10.8 2.779 36.0 2.804 612 2.574
117 2,764 36.9 2.804 62.1 2.559
12.6 2,774 378 2.809 63.0 2.544
13.5 2.769 38.7 2814 63.9 2.529
144 2.774 39.6 2.814 648 2.479
153 2.779 40.5 2814 65.7 2.459
162 2.769 414 2.834 66.6 2.444
11 2764 23 2839 67.5 2414
. 180 2,764 432 2.834 68.4 2.389
’,f: 18.9 2.789 441 2.829 69.3 2.359
. 193 2.794 45.0 2.829 702 2.324
207 2.794 45.9 2.824 71.1 2.334
b 216 2.784 46.8 2.809 72.0 2.289
£ 22.5 2.784 477 2.814 729 2.264
"‘"23-4 2.779 48.6 2.829 738 2.264
243 2,759 49.5 2.819 74.7 2234
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g3 FEALNSIAU GG FEAUUTIAY BIAN SEALITIAU
. (Degreo) V) (Degree) V) (Degree) V)
75.6 2.194 101.7 1337 127.8 0.880
6.5 2.164 102.6 1317 128.7 0.895
774 2.144 103.5 1.247 129.6 0.900
783 2.139 104.4 1.192 130.5 0.910
9.2 2.109 105.3 1.167 131.4 0.920
80.1 2,890 106.2 1117 132.3 0.935
81.0 2.840 107.1 1.720 133.2 0.950
81.9 2.390 108.0 1.220 134.1 0.960
82,8 2.140 108.9 1.120 135.0 0.965
83.7 1.102 109.8 0.990 135.9 0.965
84.6 1.992 110.7 0.965 136.8 0.975
855 1.987 1116 0.935 137.7 0.980
" 864 1.937 112.5 0.905 138.6 0.990
- 873 1.927 113.4 0.890 139.5 0.995
Y 1.907 1143 0.865 140.4 0.995
- 89,1 1.872 115.2 0.860 141.3 0.995
- 900 1.837 116.1 0.840 142.2 0.985
- 90,9 1.812 117.0 0.840 143.1 0.965
918 1777 117.9 0.820 144.0 0.985
07 1.742 118.8 0.815 144.9 0.990
936 1.702 119.7 0815 145.8 0.995
. 945 1.672 120.6 0,820 146.7 0.970
- 95.4 1.647 121.5 0.830 147.6 0.955
- 96.3 1.597 122.4 0.840 148.5 0.940
972 1.557 123.3 0.835 149.4 0.935
f;_?-'98-1 1.512 124.2 0.835 150.3 0.920
99,0 1.477 125.1 0.845 151.2 0915
99,9 1.422 126.0 0.860 152.1 0.895
-,?00-8 1.362 126.9 0.870 153.0 0.895

i
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[ oem FEAULTIAY 849601 FEAUNIINY 99M FEAUUTIAY
:f' (Degree) ) (Degree) (V) (Degree) )
1539 0.850 180.0 0.380 206.1 0.750
154.8 0.825 180.9 0.385 207.0 0.785
155.7 0.820 181.8 0.390 207.9 0.800
156.6 0.805 182.7 0.385 208.8 0.845
157.5 0.790 183.6 0.375 209.7 0.880
158.4 0.760 184.5 0370 210.6 0.890
159.3 0.740 185.4 0.370 211.5 0.905
160.2 0.725 186.3 0.380 212.4 0.950
161.1 0.700 187.2 0.395 213.3 0.975
162.0 0.665 188.1 0.400 2142 0.101
- 1629 0.655 189.0 0.395 215.1 1.200
. 163.8 0.640 189.9 0395 216.0 1.420
. 164.7 0.605 190.8 0.410 216.9 1.620
1656 0.590 191.7 0.410 217.8 1.770
- 166.5 0.555 1926 0.430 218.7 1.970
- 167.4 0.555 193.5 0.455 219.6 1.107
F 168.3 0.525 194.4 0.470 220.5 1.152
"~ 169.2 0.515 195.3 0.475 221.4 1.162
1701 0.495 196.2 0.470 222.3 1.192
1710 0.500 197.1 0.500 232 1.207
1129 0.450 198.0 0.525 2241 1.222
174 0.435 198.9 0.550 225.0 1.232
1737 0.430 199.8 0.580 225.9 1.252
1746 0.430 200.7 0.595 226.8 1.262
 175.5 0.425 201.6 0.625 227.7 1.297
';?'176-4 0.410 202.5 0,620 228.6 1.302
1773 0.405 203.4 0.660 229.5 1.327
1732 0.390 204.3 0.700 230.4 1.347
"‘1;79-1 0.365 205.2 0.720 231.3 1.342
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. afl FTAVUIIAY 291 FEAUUTIOY GRL) FTAVNTIAU
" (egree) W) (Degree) W) (Degree) W)
. 2322 1.367 258.3 1,632 284.4 2349
ey 1.362 259.2 1.657 285.3 2369
234.0 1.382 260.1 1.657 286.2 2.399
234.9 1.402 261.0 1.672 287.1 2.399
235.8 1412 261.9 1.712 288.0 2.449
L 236.7 1417 262.8 1.747 288.9 2.449
237.6 1.417 263.7 1.762 289.8 2.469
P 938.5 1.447 264.6 1.797 290.7 2.474
. 2394 1442 265.5 1.837 291.6 2.494
- 2403 1.452 266.4 1.877 292.5 2.509
- 2412 1457 2673 1.897 293.4 2.519
- 242.1 1.457 268.2 1.917 294.3 2,524
2430 1472 269.1 1.962 29522 2559
E 243.9 1.482 270.0 1.972 296.1 2.579
48 1.487 270.9 1.1012 297.0 2.589
2457 1.492 271.8 2.900 297.9 2.604
- 246.6 1.487 272.7 2,540 298.8 2.614
- 247.5 1.492 273.6 2.990 2097 2.629
. 2484 1.502 274.5 2.114 300.6 2.629
2493 1.472 275.4 2.124 30L5 2.659
2502 1517 276.3 2.169 302.4 2.689
2511 1.522 2712 2.184 303.3 2709
25,0 1.537 278.1 2.209 304.2 2.709
2529 1.542 279.0 2224 305.1 2.714
?253.8 1.547 279.9 2.264 306.0 2.719
2547 1.562 280.8 2304 306.9 2744
L255.6 1.567 281.7 2.309 307.8 2739
2565 1.572 282.6 2324 308.7 2754
"'__57-4 1.602 283.5 2334 300.6 2779
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FEAUUTIAY GEL! TEALNIIAY 941 TTAULTIAHU
V) (Degree) V) {Degree) 4%
2.804 327.6 2.834 344.7 2.794
2.799 328.5 2.819 345.6 2.774
2.799 329.4 2.814 346.5 2,774
2.809 3303 2.809 347.4 2.804
2.814 331.2 2.814 348.3 2.799
2.819 332.1 2.844 349.2 2.799
2.809 333.0 2.829 350.1 2.789
2.819 3339 2.824 351.0 2,774
2.844 3348 2814 3519 2.769
2.849 335.7 2.814 352.8 2.764
2.829 336.6 2.814 353.7 2.764
2.839 337.5 2,800 354.6 2.789
2.819 338.4 2.804 355.5 2.774
2.829 339.3 2.824 356.4 2.769
2.814 340.2 2.814 357.3 2.759
2.819 341.1 2814 358.2 2,764
2.844 342.0 2.814 359.1 2.774
2.839 3429 2.814
2.834 343.8 2.809
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Signal Generator (HEWLETT PACKARD)
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HMC414MS8G / 414MS8GE

MICRCWAVE CORPORATION 103 0505
ﬁ
Typical Applications

This ampiitier Is ideal for use as a power
ampifler for 2.2 - 2.7 GHz appiications:

« BLUETOOTH
« MMDS
Functional Diagram
IN [T -1 178 VPO
NC (21T I vee
ouT 3117 [ | T16: VPD2
ouT [411 TT5: GND

— PACKAGE BASE

GaAs InGaP HBT MMIC
POWER AMPLIFIER, 2.2 - 2.8 GHz

Features

Galn: 20 dB

Saturated Power: +30 dBm

32% PAE

Supply Voitage: +2.75V10+5.0V
Power Down Capability

Low External Part Count

General Description

The HMC4AMB8G & HMC414MSBGE ara high atf-
cioncy (GaAs InGaP Heterojunction Bipolar Tran.
sistor (HBT) MMIC Power amplifiers which operate
betwesn 2.2 and 2.8 GHz. The amplifier 18 packaged
in a iow cost, surface mount 8 teaded package with
an exposed base for improved RF and thermal per
formanca. With a minimum of extenal components,
the amplifler provides 20 dB of gain, +30 dBm of satu-
taled power al 32% PAE from a +5.0V supply voltags.
The ampiifier can also operate with a 3.6V supply. Vipd
can be used for lull power down or AF output power
currant control.

Electrical Specifications, T, = +25° C, As a Function of Vs, Vpd = 3.6V

Vs w36V Vaa B0V
Fasameter P,
Win, ] Typ. I Man. Min, | Typ. I Max, | Lnity
Frequency Range 22-28 22.-28 GHz
Gain 17 20 25 17 20 25 o8
Galn Vaziation Ovet Temper atue 0.63 (X ) 0,03 0,04 | d8/°C
Input Return Loss ] ] 8
Qutput Retun Lose ¢ ] d8
Output Powar for 1 d8l Cotppression (P14 21 25 23 P dBm
Satutawed Output Power {Peaty 27 30 dBm
Cutput Third Ordet Interssps (IP3; 30 35 % 39 Bm
| Nolee Figuier 8.5 0 4B
Supply Curient (o) Vpd = 0V /1 36V 0.902 7 240 5,002 7 300 mA
Conttol Cuwrart {Ipdj Vpd = 36V 7 7 mA
Swikching Speed 10N, YOFF 45 45 as

Faor price, delivery, and to place orders, please contact Hittite Microwave Corporation;
20 Alpha Road, Chalmsford, $4A 01824 Phone: 978-250-3343 Faw; 978-250-3373
Orger Qn-lina al www.hittite com
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HMC414MS8G / 41AMS8GE

&)

Gain vs. Temperature, Vs= 3.6V
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P1dB vs, Temperature, Vs= 3.6V
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GaAs InGaP HBT MMIC

POWER AMPLIFIER, 2.2 - 2.8 GHz

Gain vs. Temperature, Vs= 5.0V

GAWM (dB)

detus

2 21 22 23 24 2& 28 27 & 20 2
FRECHIENGY {GHz)

Return Loss, Vs= 5.0V

RETURNLORS /83

!
»d
H

-'?n--

A b -
E » “femrs vers
18 [eevihorachronsh draeberrihinad
AR H ;
. LI SR WA SV S S H
2 21 22 23 24 26 z8 27 28 2% 3

FREQUENCY (GHz

P1dB vs. Temperature, Vs= 5.0V

Pl (dBm)

2 2% P2 23 24 26 28 2T 28 28 B
FREGUENCY §3H2)

For price, delivery, and to place orders, please contact Hittite Microwave Corporation:
20 Alpha Road, Chalmstord. MA 01824 Phone; 978.250-3343 Fax: 978-260-3373
Qrder On-line at www.hittite.com
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HMC414MS8G / 414MS8GE

MICROWAVE COMNPORATION 03,0505
Aolitv"
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Psat vs. Temperature, Vs= 3.6V
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Power Compression@ 2.4 GHz, Vs= 3.6V
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Gads InGaP HBT MMIC
POWER AMPLIFIER, 2.2 - 2.8 GHz

Psat vs. Temperature, Vs= 5.0V
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Output IP3 vs. Temperature, Vs= 5.0V
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For price, delivery, and to place orders, please contact Hittita Microwave Corporation:
20 Alpha Road. Chetmsford, MA 01824 Phone: 878-250-3343 Fax; 978-260-3373
COrder On-line al www.hittite.com
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Reverse Isolation

vs. Temperature, Vs= 3.6V
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Noise Figure vs. Temperature, Vs= 3.6V
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Gain & Power vs. Supply Voltage
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GaAs InGaP HBT MMIC
POWER AMPLIFIER, 2.2 - 2.8 GHz

Power Down isolation, Vs= 2.6V
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For price, delivery, and to place orders, please contact HitlHe Microwave Corporation:
20 Alpha Road. Chelmstord, MA 01824 Phone: 978-250-3343 Fax: 978-260-3373
Order On-line at www.hittite com
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GaAs InGaP HBT MMIC
POWER AMPLIFIER, 2.2 - 2.8 GHz

Absolute Maximum Ratings

Colectys Bt Vollage [Ved) +5.5 Vele

Contiol Yoltags {¥pd. ¥pd2) +4.0 Vele w4 ELECTROSTATIC SENSITIVE DEVICE
AE ot Powes (AFie)Vs.= 45.0. o i\ OBSERVE HANDLING PRECAUTIONS
Vid o 43,6 Vide

Jurciion Temperaturg 180+

Conticus Pdias (T =85 °C)

derate 27 MG ahove 85 °G) HTEEW

Thotms! Resistance N

(junction to ground paddia} aecw

Stolage Femperature -85 10 +150 *C.

Operaling Tompmatue -40 to +85 °C

Outline Drawing

1 [18] %
a N
[~ FXPCSED OROUAD PADOLE
x ST BL CONNECTED TO
'—i ...‘ _l HE/DE GHOUND.
LOT WLMBER -~ S
® 1]
T
A4 {110) f -
":z = = ! HOTES:
. l [ pgE [8«1)3] I 1. LEADFRAME MATERSAL: COPPER ALY
C295 265 T e e| | 0 - 2 DIAEMSIONS AR INSHGHES ALIRETERS
Ui [g:gg] weoo| e A, DIMEIHON D88 HOT INGLUDE MOLDFLASH OF .1 5mvm PER G108,

A TIMENSICN DOES NOT INCLUDE MOLDFLASH CF 0 75mm PER SIDE.
B ALL SROUND LEADS AND GROUND PALTAE MUEST BE SOLOERED TO

R RE GROLND,
Package Information
Fart Mumber Package Bedy Matetal tead Finish HSL Reting Pachage Marking
HACH aMS0G Low Shess Injoction blolded Plastic Sn/Pb Saldar MLy M b
HMGHAMSEGE | RoMS-compiient Low Stress Injaction Molded Plastic | 4007 matty 5o R }%—1
HIMax peak tefiow terpetaturg of 235 °G

2] Max prak reflow temparature of 260 °G
E3] 2-Digik lot numbser X XXX

Fof price, delivery, and to pace orders, please contact Hittite Microwave Corporatlon;
20 Alpha Road, Chelmsiord, MA 01824 Phoner 978-260-3343 Fax: 978-250-3373
Order On-line at www.hiltile.com
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MICROWAVE CORPORATION w3055

ol GaAs InGaP HBT MMIC
o
E POWER AMPLIFIER, 2.2 - 2.8 GHz
b
Pin Descriptions
Pin Numbe: Function F Doscription Intaiface Schematic
¥ RFIN This pin is AC couplect and matched to ST Ohms fiom 2.2 10 2.8 GHz. RFIN > ,,' f
2 NG Het Connected.
| y  CRFOUT
3.4 RFOUT AF outpat and DC bias for the outpls stage. ;( <
: aHD Ground: Backaide of package has exposed metal ground slug that rust be ? GND
connactedio ground theis a shott path. Vias yndet he device are regulred. A
vPhi
'gwna
Powet contiol pin. For maninwam poaet, this pit should ba connested 1
6.8 Vpdd, Ypd2 J6Y. For 5V opeiation, a diopping resiatod is required. A higher vollage is
notrecommended. For kowat idle ciatent, this voltage can be edueced.
TVCC
- Voo Power stpply voltage For the first amplifier stage. Aneateinal bypase / ’
capachor of 330 pF ls 1equited as shown in the application schwnalic. \1

For price, delivery, and to place orders. please contact Hittte Microwave Corporafion:
2¢ alpha Road, Chslmstord, MA 01524 Phone: 0789-250-3343 Fax: 978-260-3373
Order On-lina at www hittlte com

AMPLIFIERS - SMT
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€ HMC414MS8G / 414MS8GE

RN CORPORATION veaoss GaAs InGaP HBT MMIC
.@E@. POWER AMPLIFIER, 2.2 - 2.8 GHz

Evaluation PCB

U1
SN . o i . E—
J‘[ | i e J2
o] BT g T G e
T el fn'.l‘nlvln.' =
ren A fulifne RFOUT
1050741
T ¥ o

* For 5V aperation oh Vett Hne,
sefect A1, A2 such that 3.6V s
presemntad on Pins € and 8,

List of Materials for Evaluation PCB 105006 I

hem Dascriptlon The cireuit board used in the final application
-4 FCB Mount SMA RF Gonnactar should use RF circuit design techniques, Signal
) 2vam DG Headin lings should have 50 ohm impadance while the
=) 27 bF Cagachor, 0603 Py, package groun(_! leads and exposad paddig si.muld
o2 100 pF Capathor, 1462 Phy. be connected directly to the ground plane similar to
ca.ca 330 pF Capacitor, 0503 Plg. that shown. A sufficient number of VIA holas should
7 25 ¥ Capacitar, Tantah be used to connect the tlop and bottom ground
¥ {8nH Inductor 6603 Phg. planes. The evaluation board should be mounted

A AHINEEE | HVG At I SEGE to an appropriate heat sink. The evatuation circuit
ul Arpliin board shown is available fram Hittite upon request.
PoBRE 15074 Eval Board

(1] Relerence this number when ordetlog complets evaluation PCB
{2] Clrevit Baard Material Rogers 4360

For price, delivary, and 10 place orders, please contact Hittlse Microwave Corporation:
20 Alpha Road, Chelmstord, MA 01824 Phone: 978-250-3343 Fax; 978-250-3372
Qrder On:ling at www.hittite.com
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HMC414MS8G / 414MS8GE

MICROWAVE CORPORATION 03,0505

(E}

Application Circuit

GaAs InGaP HBT MMIC
POWER AMPLIFIER, 2.2 - 2.8 GH2

e F

R .

Ypdl{ Vool Vot
iy B r (Fitv ) [ (PN fj] % o % oo % .
~ L
{ e i n? | on3
N NN S E A ANSEG = i 3

o 1;0 L HMCA 1S //WMUJTA:]IE} (‘l—A—C

- CeN3g T .

: //" —

A

GND
PN 2.5)

50 Ohm
afas”

S0 Ohm
ot

Inpadance
Length

* For SV oparation on Vetl ling. celect Ri, B2 such that 3.6V Is presantadt on Pins 6 and 8.

For price, dellvery, and to place orders, please contact Hittite Microwave Corporation:
20 Alpha Road. Chelmsford, MA 01824 Phone: 978-250-3343 Fax: 978-250-3373
Order On-line at www.hiltite.com
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Surface Mount RF Schottky

Barrier Diodes

Technical Data

Features

* Low Turn-O3n Voltage

{As Low as U334V at 1 mA)
Low FIT (Failure in Time)
Rate®

Six-sigma Kuality Loevel
Single, Iuat and Quad
Versians

Entgae Configurations in
Surfwee Moont SOT-346:3
Package

~ Inerease floxilicr

— save board space

- reduoe cust

TSMS- 282K Grownded
Center Leads Provide np (e
10 B Highey Tsolation
Matched MHodes for
Consistent Perlormance
Better Thermmd Condactivity
for Higher Power DHusipation

-

L]

Fur naome informeation see the
Surface Mot Schotiky Reliability
Drata Syt

Description/Applications
These Scholtky diodes are
speciically designed for bath
analog and digital applications.
This sertes offers a whie range of
spectilcarians and package
cunflguratinns b give the
destgner wide Mlexibility. Typieal
apphications of these Schottky
dindes are mixing. detecling.
switching, sampling. clamping,
and wave shaping. The
HSMY282x series of divdes is the

HSMS-282x Series

‘" Agilent Tachnologiss

Package Lead Code Identification, SOT-23/5807-143
(Top View)

© COMMOM COMMON
SINGLE 8ERIES ANODE CATHODE
3 3 ) ,_] 3
;1 o 2; ;1 2 2; =6 - i} I;! " z;]
UNCONMECTED  RING BRIDGE  CROSS-OVER
PAIR QUAD QUAD
3 4 T4 1 %
gy ""ifl %‘:1_1?] "%
b as %7 #
Package Lead Code Package Lead ('ode
Identification, SOT-32! Identification, SOT-363
(Top View) {Top View)
SINGLE SERIES HIGH ISOLATION UNCONNECTED
UNCONNECTED PAR TRIO
@ [y 61 by 4
I x
8 B € TLY ST 3T
COMMON COMMON K TR
ANGDE CATHODE
COMMON
CATHCDE GUAD  ANODE QUAD
&1 $ro Ay [ iy 40,
l ! ™ 1 ]
alig ]
F P (191
best all-around choice for most ™=Za il
applications, featuring low sertes BRIDGE RING
resistance, low forward voltage at PR i o AD
all current bevels and good RY Tt laplf
characteristics. P !- 1
. . FLo, 1= 2
Nitte that Agilent's manufacturing 4 R

lectankques assure that dice foud
In patrs and guads are taken from
adfacent sites on The wafer,
assuring the highest degree of
mateh
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Pin Connections and Absolute Maximum Ratings!" T, = 25°C
Package Markiug Symbol | Paramiter Unia | SOT-20/30T-1 13| SOT-38150T 061
T Forward Custent 11 s Pulde | Alnp [l i
gih o Iﬂ € Ve | Peak hiverse Voltage v 15 [E)
T, hmction Terperature &7 Fou 150
2 5 b :
0L ¢ O T | Storage Temperatur i e 150 o
S[CT] b il t, | Thermal Resistance. W Bk 150
i Notos:
Notes: k. Operation in excess of any o of these conditions sy nesult in permanent domage to
1. Package marking provides the device,
‘_‘ﬁ““““i"“.“"" id““}iﬁ“‘i"‘"-“ 2 Ty = 4250, where Ty ks defined to be the temperanure au the packdge pins where
2 See ‘Elvenival Specifications" for contaet ks made to the eiredt bomd,
spproprisie package marking.

Electrical Specllications T, = 25°C, Single DicdeH!

Maximum | Maximum
Mimimuns | Masmnm | Forswad | Reserse Trpival
Pavkage Breakidown| Forvanl | Vidtage Lasnkugs Maxinitsta Dy aaminc
Marking| Jead Vobtage Vehae [ VetWV1@ | inAr € [apseitnee| Resistance
(e | Cadde | Configuration Vi (V) VelmV) | Ipda\d Vp(Vy 'y (¥ Ry, (12315
] v v | single 15 Her IR (T S LT | Lo 12
22 ook 2| Series
SR [ El 3 Cammon Anode
R4 & 4 Conmon Catheele
392h uatit 5 | Unconnected Pair
2407 A T | Ring Quadi™
BB [ 8 | Bridge Quad®
38% ol W {reagraver Qad
fiai ol B | Siwgle
32 A L | Series
28E {0 | E | Conwvon Anode
283F cift F | Common Cathode
K [& K High Isalation
Ureonmected Pair
= | oM b L | Uneonneeted Tre
WM W M § Common Cathode Quad
SBIN § NN L N | Common Anode (uiad
mp | opll P | Bridge Quad
SRR ool R | Ring Guad
Test Coralitions Ip= bpA [Tp= 1malll Vg=n¥ Ip="md
1= 8 MiE
Nobes:

L AV for dioders i pairs ad quads i 15 mY eaocinmim ar § s

2. Ay, for dludes in pairs and quads b5 6.2 pF masdnwem,

X Package wnarking cuode is in white,

4, Elfective Cagrivr Lifetinue (0 for all these diodes is 100 pe maxioaum sessured wisly Kraksuer method at 3ma.
& e nectinn titled “Thtad Capacitancs.”

B Rp= Ry + 524220 25 mavd [y = B A

7. Package marking code is Inser markecl
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Quad Capacttance In a quad. the dingunal capaci- The equivalent adjacent
Capawitance of Schottky dioile tantce is the capacttance botween capacitnee is the capacitance
quads 15 meastred using an poinls A and B ag shown m the hetween puints A aud € i the
HPITL LUR meter. This lNgurve below. The diagonal figuee bedow. This capacianes is
instrument effectively solates capacltanoe 15 caleutated using caleulated wstng the following
inclividual diode branches from the following formula Frrnmla
the athers, allowing accurate ¢ O G | Gyxoy . e 1
capachanee measarement of cach -TiAGONAL = — Tt Capmemnr =+
branch or each diode. The Lty R " EINRY
vonditions are: 20 mV RMS. Cy Oy
voltage at 1 Miz. Agtlent dellnes T 7.3
this measurentent as “CM”, and it Ly </\, Ca Thia information does ot apply -
Is putivalent to the capacitance of 1o cross-over yuid diodes.
the disde by tesell, The eguivalent Ce
tHagonal and adjacent capact- ¢ e
anees can then be calonfated by 2 LA
the formulas given below, U
Linear Equivalent Cireudt Model SPICE Paranmelers
Diode Chip R Parnmeter {Units | ISMS-282x
.._AM,___?MZH«' — By ki i5
Ry Uy pl 0.7
g ey .68
I [ A 1E-4
1T Ia A 22E-8
G : N 108
Rq = series res:stance (see Tasle of 3FCE parametars; L 4 il
3 RYd [,
G, = junction capacitance {see Table of SPICE parameters) :’B Y ‘]':’"
- B33IX 1G0T T =
R; = i M 05

whers

1y = axtarnaily apelied bias current in amps

15 = saturation current (see takie of SPICE parameters)
T = temperature,"K

n = itealky factor (see {able of SPICE parameters)

Nate:
To effectively mocel the packaged HSMS-232x product,
please refer 10 Applicaton Note AN1124.

ESD WARNING:
Mandling Proecantioas Should Be Taken To Avoid Static Bischarnte,
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Typical Performance, T, = 253°C (uiless otherwise noted). Siugle Diode

10 150.9¢0 1
E 7p® «1250G+
-S - Ty IS —man I
= w AR A 4 S 10,000 jo——-x - “E e
5 E 1 meafith mer L7 5 =
» E ram-as . b g //-"‘ ™
i I : 5 Z s
S I - 7 1640 [ h RN
v 7 g 3 Tt
E / g . -
E ¢ e / / 2 100 LY
AL A g g
31 A 1 L
. E v | ¥ w Ty = 2125 - L
& F 7 £ T, = 4TS —
eml.s Eos NSk o
0 018 v B 041 68 9 i) % ] ‘ ] [
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Uporating a1 850 MiLe,
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¥, - OUTPUT VOLTAGE (V)
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Figure 2. Reverge Current vs,
Reverse Vollage at Temperstures,
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AppHeations [nformation
Produet Selection :
Aptlent’s funtly of surfaee mount
Schottky diodes pravide unigue
atlutinns to many design prob-
lems. Each s optinlzed for
ceflait applications

The first step n choosing the right
product 1s 10 select the diode type.
All of the products inthe

TISMS- 2R Bty drse the same
dtade chip—they differ only in
package configuration. The same
fs true of the HSMS-280x. -2R1x,
2%3x. 286 and 270x Famities.
Each family has a differenl set of
characteristics, whteh can be
compared lmost easily by consult-
ing the SPICE paruneters given
on each dula sheet

The HSMS-282x famlly has heen
ojrimized for wse in RF applica-
tions, such ay

v DU biaged small signal
detectors 1o 1.5 GITz

v Biased or unbiased large
signal detectors TAGC or
power mionitors) to J GHz,

v Mixers and frequency
muhtiphiers w & GHz

The other feature of the
HSMS-282x familly is Hs
wndt-to-unit and lol-to-lot eonsis-
tency, The stlicon chip used in this
series has been designed 10 uge
the fewest possible processing
$OpE Lo Nlinindze variatons in
dinde characteristios. Satistical
data on te consistency of this
product, In lerms of SPICE
parameters, is avaiiable from
Agilend,

For those applications requiring
wery Bigh breakdown voltage, use
the HSMS-2680x famdiy of diodes.
Tuen to the FISMS281% when rou

noed very low flicker notse. The
HSME-285x 15 a family of zero hias
dotector dindes for sisall signal
applications. For high freguency
dutector or hidker applications.
use the HSMS256x funtly. The
HSMB-270x 1s a serles of specialty
dindes For wlera high speed
chipping and cluping in digital
vircutts,

Schotiky Barvier Diods
Characteristies

Stripped of its package, a
wehottky barrler dicide chip
vohsists of & tetid-semicondsetor
harrier forned iy depostion of a
raetal faver on a sermearductor
The most common of several
ditfTerent types, the passivated
dinde, is shown in Figure 1),
aloag with s equivadent cirendt

R ba the parasilie serles ros)s-
tance of the diode, the sum of the
hondwire and leadframe resis-
tne, e redigtance of Lhe bulk
layer of silicon, ete. RF energy
coupled into Rs 18 lost as hoat—ii
does not coniribute to the rectt-
frt ontput of the diede. Cais
parasitic junction capacitance of
the diude, controlled Dy the thick-
neas of the epilaxial laver and the
diameter of the Schoitky conlacl,
R 15 the Junctlon resistanee of the
diode, a function of the totad
currend Howing through it

METAL

H-T¥PE OR P.IYPE EP| Elﬁiﬂ

wTYPECH P.TYRE § JCON SURIYRAYE

CROS3-JECTION OF SCHOTTHY
BARRIER CIODE GHIP

Figure L0 Seliottky Diende hip,

I
LCHOTTRY JUNEnON c“,[ f’ "

SRMX 1T

Bz ———— =Ry-R
1 ls+1, s
EXTR -
ST ap oEEC
Lﬁ + lb
whete

n = Ideality factar (see table of
SPICE parameters)

T= temperative in“K

15 = saturalion current {see
1alde of SPICE parimetors’s

In.= externally applied hias
currerd in amps

R. = sum of junctien ard serles
reststance. the slope of the
VI curve

Ts 15 o funetion of diede baerior
height, and can range from
plevamps for lgh baevier diodes
to as nuch as 5 uA for very low
barrer dides.

Fhe Height of the Schottky
Barrier

The curkent-voltage chatiwieristic
of a Bchottky barrier diode at
roun) teiaperature is described by
the following equation:

Y- IRy
I=1gfe 05 - )

On a semi-log plot (as shiownin
the Agilent catalog) the eurremt
graph will be a atralght line with
inverse slope 2.3 X 0.0026 = ¢ 1640
volts por ovele antil the effoct of

EQUIALENT

CIRGUIT
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Rs seen i a eurve that dimeps
at high current ). All Schotiky
diode curves have the same slope.
hut not necessarily the satne
value of rurrent for a given
voltage. This 18 deternined by the
saturation current, Is, and is
related 10 the bander helght of the
dinde.

Through the cholce of ptype or
nvpe silicon, and the selection
of metal, one ¢an tadlor the
characteristivs of a Schottky
diode. Barvler height will be
alvered. and ad the sane tiae C3
and Ry will be chageged, In
general, very tow bamier height
hodes (with high values of I,
gultable for gere bias apphen-
tloas) are realtzed an pavpe
sitleon. Such diodes suffer from
higher vahies of Rs than do the
n-tepe. Thus, p-type diodes are
generally resorved for detector
applications (whers very high
values of Ry swamp out high Rs)
and n-type diodes such as the
HEMS-282x are used for mixer
apphications (where high LG,
drive lovels keep Ry low), 0
binged detectors and self-biased
detectars used In gain or power
coniral circults.

Betector Applications
Detector cireutts can be divided
Into two types, large signal

(Py, = 20 didm) and smalt signal
(P, < 229 dBm). In general, the
former mse restativis impedance
nixtching at the tnptd to improve
flatness over froquency — this iy
pussilie sifee the Inpur signal
levels are high enougli 1o produce
adequate ourput voltages withour
{the need for ahigh Q reactive
mput malching network. These
deeubla are self-biased (no
externl DC biag) and are used
for galys and powoer conttol of
amplificrs,

Small wignal detectors are wsed as
very low cost recetvers, and
yeqire a reactive input huped-
anee matching nenwerk 1o
achieve adequale sehaitivity and
output veltage. Those operating
with zero bias wtilize the HSMS.
285% family of defector diodes.
However, superior performance
over temperature can be achioved
with the use of 3 to 30 pA of DY
bl Such etreuits will use the
HAMS-282x fadly of divdes if the
operadng froquency is 15 GHz or
lower.

Typical perfornance of single
diole detecions (using
HRMS-2820 or HSMS-2820) can
bo seeq In thie transfor curves
given In Figures 7 and 5. Such
detertors can be realized elther
a5 8eries of shunt circults, as
shown In Figure £1

BC Bias
<k -
ir il
P A RN SR S
Shunt inductor provides
vigeo signal return
Shun? diade provides o7 Bias

video signal retumn

- —iz
Zero Biased Dicdes GC Biased Dictes

Figuee 11 Single Binde Berevenrs.

The serbes and shunt cirenits can
hie ermubizeed iaro & vollage
doublerll as shown (n Figare 12,
The duubler affers three advan-
tages over the single diade
clromt.

v The swo diodes are In paralla]
I the RF cirenit, lowering the
inpud fsmpedance and making
the design of the BF matching
netwerk cagier.

v The twu diodes are In serles
in the entput {video’ eyreull,
dottbling the outpat volage

v Some canveliation of
even-order hannoes takes
pace at the fput

- O Biss

Zero RiaLs Dioden

DC BIAMME DIOAY
Figure 12 Voleage Poubler,

The moar canpact and lowest
cosl form of the doubler iy
achioved when the HSMS-2822 or
HSMS-282C series pair is used

Both the detesiion sensttivity and
the D¢ forward voltage of a
aset Schotthy detector are
lemperature sensitive. Where
botl must be compensated over a
wide range of temperatitres, the
ifferenttal derectort?) is often
usedd, Sueh a efrenit reguires tha
the detector divile awd the
reference dipde exhiti identical
characteristics at all DC blas
levels and at all temperatures.
This is accomplished through the
use of twa dtodes in one paekage,
for exainple the IISMS25825 10
Figure 13. In the Agilent agsenhiy
factlity, the {wo dice in & surface
maunt package ave taken from
adjacent stles om the wafer (as
tilustrated in Figure 14y This

HEAgileant Appheation Mo DB, “Seleattky Tade Voltgs Daublr.”

B Raysnnd W, Wangh, “Thesigning Large-Stgnal Fetect s for Habsts and Rase
Btatuons,” Wireless Systems Dosign, Vid 2 Mo T, July 1007, ppd2 4%

[




106

assuros that the charactetlsties of
the two divdes are more highty
raadched thun would be possible
throneh wudividoal festing azid
hand matehing

e el
apier

HSMS-2B25

1 [

b i
AT,
dlEE i ::h\,
e i
TR,

Figure 1. Falwication of Agilenl
Diwsilo Pajen.

Inligh power applications,
catipling of RF energy from the
detectar diode to the reference
diode can introduce efror n the
differonnial detector. The
IESMS-282K dindse pair, in the six
lead SOT-53 package, hasa
capper bar betweent the diodes
that adds 10 dB of additional
isolilivn hetween thent As this
part bs nanufactured in the
SEYP-3 packagte 1 albo peovides
the benefit of being 40 smalter
than larger SOT-143 devices. The
HEMS-282K s illusirated in
Figure 15— node that the ground
cotlectlons must be nrade as
close 1o the package as possible
to minimize steay Inductance to
ground

ta Qiferential ampner

Figuove 15, Wigh Pover DEfferential
Detectin,

The vonvept of 1he vollage
doubler can be applied to the
differential detoctor, pennitding
twice the outpid voltage fora
gives) [pud powoer Cas well ag
Improving inpug impedance anul
suppressing Yecond harmonics),

However. care must he taken o
agsure that the two reference
<dindes closely malch the two
detector diedes. One possthle
conftgnradan is given in Fig-

are 16, using two HSMS-2825,
Board space can be saved
through the use of the JISMS-252P
opel bridge quad, as shown in
Flgare 17,

[*:.ﬂrisusaz;as

~ -
lching
ittt Bususqus
Tl S ke

Figore B Volrage loubler
Differential Ieteeior.

Figure 17, Voltage i)lill‘ﬁll'l
Baifereartial Deteeter.

Whale the differental dotector
works well over telnperature,
another design approschl® works
well for farge signal detectors,
See Figire ER for the sehematle
anc o physteal laveut of (he
cipendr Tn this design, the two
4.7 K2 resistors ansl diode D2 act
as a varable power divider,
assuring constant owlput vebage
over temperalure and improving
output lhneanty.

RZ"‘r bt 47Kn Va
sma | =ae $4

4

H§MS-282%

HsnE2u

Figure I8 Fesperatuee Compe nsatest
Thetevtor,

In certain appHeations, such as o
duzbhand celiphone handset
aperating at hethe (00 and

180%} MHz, the second harmonics
gonerated i the power conirot
autput detector when the handser
is working at i MHz can cause
probiens. A Biter al the oulput
can reduce unwanted emissions
at 1300 MHz in this case, bat

M Hans Eikssen ancd Regmeend W, Wangh, A Temperotuss Compansatsd Linear Dicads

Diater tor," 1o b pabdizhe |

7
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lower cost solution s avallablelil
Mustrated sehematically in
Figure 19 this cieeutt wes disds
132 atd N assaclated passive
components to cancet atl sven
prdor harnwies at the detector’s
RF input. Diodes D and D4
provide temperature compensa-
ton as deseribed above, All fonr
diodes ave contained i a smgle
HEMS- 227R package, ay iflos-
trated in the fayout shown in
Figure 20,

LIRY TRL PEETETR T
2 RLIA D3 K OS=FINSILIR

Figare 1), Schematic of Supprossed
ELst meontiv Deres o,

oo e

Figure 20. Lapout of Supproessed
wrmonic Deweeior

Newe that the forgoing (iscussion
refers to the outpul vallage hemg
extracted at peint Vi with respect
to ground. If a differential ougpul
15 taken at ¥+ with respect 1o V-,
the clrenit acts as  vohiage
dmibler,

Ty

Alan Rie
Damid Pl

& ba pulilialml,

Mixer applications

The HSMS-282x family, with its
wide vartety of packaging, eon be
nsed to make oxeellent noxers at
fraquencies up to G GHz.

The HSMS-2827 tng quand of
matched diodes fin the SOT-13
package | has beon designed for
double bakanced mixers. The
smallor (SOT-361) HSMS282R ring
quar ¢an sinilarky he used, if the
quad 1s closed with external
colllectiong s siewn in Figare 21.

HANE 2028

%E—_L I:r“r“l

Figure 28, Danbrle Bolawesd Mixer,

Beah oof these netwnorka reguire a
crassover or a thiee dimensional
clreatt. A planar mixer can be
made using the SOT-1432 cross-
over giad, FISMS-2820, as shown
in Figure 22 In this product, o
special fead frame permits the
crossover to be placed Inside the
plastic packagoe Hself, olininaling
the newd for via bwles (or other
meastfes] in the BF portton of
fhe elreudt itself,

HEME-2828

Figurs 22, Planar Double Halanced
Mixer.

nid Ko ned W Wengh, A Suppreasad Haomonse Vowser D tector foe Cual

A revtow of Flaure 21 mar lead to
ihe gquestion s to why the
FSMS2RIR ring apiaed is open on
the emnds. Eistortim in double
halanced mixers can e redieced
if L) drive Is increased, up to the
piaind where the Schouky diodes
are driven into saturatlon. Above
this peht, increased LO drive will
tiot result in Improvemeis in
distortion. The use of expensive
Tigh barrter diodes (such as these
fabricaied on Gads) can lake
advantage of higher LO drive
power, It a lower cost solnllon
Is Lo use a eight (or twelve) diode
ring quad. The open design of the
HsMS-282R permits this to easthr
T donse, a8 shown in Fgure 23

Lom - ;‘l,!.n
{ ,
HENS-20IK . i/¢s im

Figure 20 Low Distortion Doable
Balanerd Mixer.

This st tocknhgue can be used
tn the single-balanced mixer
Fignra 24 shows such a mixor.
with two diodes by each spot
nermally neeupled by one, Tl
mixer, with a sufficiently high 10
drive level, will display low
distortion.

1ot
]

Fignre 24, Losr Bincernion Balaused
Mixer.
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Sampling Applications

The six lead HEMS282P can be
nsed i asampling eivenit, as
shown In Figure 25 As was the
case with the six lead HSMS-257R
 the mixer, the vpen bridge
gnad 15 closed with traces on the
clreuit board. The quad was not
closed intermnally sa that it could
he naed 1y other applications,
such as Whstrated in Figare 17,

apmple

poit HEMA-2020 ,
I:H_f_{ e
I Lo .

nand

nm g []l—*
e nl sampling eirout

Figare 25, Sampling Uircuit

FThermal Considerations
The obsdans advantage of the
SOT-123 andd SOT-363 over the
SOT-23 and SOT-LI2 i eombina-
tion of simaller size and exwa
leauls. However, the copper
Teadframe in the SOT-3x3 has a
thermal conductiviry four times
higher than the Alloy 42
Teautframe of the SOT23 il
SOT-14:2, which enables the
smaller packages Lo dissipale
mere power

The masimun jusction tenpeka-
ture for these three families of
Schuttky disdes 1 150°C under
all operating copudittons. The
following eguation applies to the
thermal analysis of diodes;

T =(¥elg+ Prpt 05 + Ty 48]

where
Tj = Junetton temperaure
T, = dicide case temperature
A = thermal resfatanee
Velp = DO power dissipated
Prr = RF power disaipated

Note that gje. the thermal resis-
tance from diode fjunction te the
fuot of the leads, 19 the sum of
two colponent resistasives,

8- = tpkg + Henip (2}

Package thermal resistance for
the SOT-3x3 package is approxi-
madely 100°CW and the chip
thermal reststance for the
HAME-782x family of diodes s
approximately - CAY. The
deatgner wHl have to add i the
thermal reststance (rom diode
caze (o ambient —a poor cholce
of eireuit hoard naterial or heat
sink design ean make this nuwmber
very high

Squadion (1) would be straightfor-
ward 1o solve but for the fact that
diode forward voltage is a fune-
tion of temperatire as well as
furward cirront. The eytiation for
Viis:

LIGO0 (V- T; Ry

Ir=la le uf -1 S

where n = Meality factor
T = temperature in “K
R o diogle serles resiarance

and 1z (hode saturation carrent)
18 given by

i( )u _im,u(T— ..‘k)
h=h 4

quation (1) Is substituted into
caation £, and cquation= (1)
andd (2] are solved shuuhanenualy
to ohtamn the vakue of pnscdons
temperature for given valies of
divde case temperature. DC
power diasipation and RE power
chisstpation.

Bicde Barnout

Any Schodtky junction, be it an RF
diode or the gate of a MESFRET, 1
relatively dellean sl van be
Tmed oae with excessive RF
power. Manx crystai video
receivers used in RFTD (tag)
applications find Lthenselves 1n
poorly convrolied envivonnments
where high power soirces may he
prosent. Examples are the areas
arownd arpor and FAA radars,
nearby han radio operators, the
viciuly of a broadeas! band
transmittor, ete. In sieh
envitonmens, the Schottky
diodes of the recetver can be
protected by o dovice kmown asa
lunitter diodde. 5 Formerly
avatlable enly in radar warning
receivers and other Mgh cost
electronbe warfare applications,
these diodes have been adapted to
vcommercial and consaauner
Clrouis.

Agilent offers a complete line of
surface mnagable PIN imier
divdes. Most notably, our HSMP-
4H20 OSOT-235 ean act a8 4 very
fasl (nanosecond ) power-sensitive
switeh when placod betwean the
antenna and {hwe Schattky diode.
shiting unt the RE circuit
tenporarily and reflecting the
excessive RF energy back out the
antenna,

['I Agilent Apphmn ty Noe 10050,
sl Surfase: S
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Assembly Instructions
SOT-3x3 PCH Footprint
Recommended PCB pad lazowts
for the minmiature SCTF-3x3 (SC-T4)
packages are shown in Figuras 26
atd 27 (dimenstons are o inchoes),
These layouta provide ample
altowance for package plcement
by autmuated assembly equipmoent
whthout adding parasitics that
conld hnpair the performance.

0028 “.-|

B
‘ 001

--| |<-—0915

Figure 26, 1 B 'add Layout, S0T-020

Cdingepebsons b inchewd

”‘1
L

0 Qe

Frgme 27, PUH Piat Layonl 3072063

Calinewsions in inches)

SMT Assembly

Reltable assembly of suiface
MALUNT COMPONents is a complex
process that Invelves many
matertal, process, and equipiment
factors, ineluding: method of
heating (e g, IR or vapaor phase
reflow, wave soldering, ote)
cfreuit board material, condnctor
thickness and patteim, ivpe of
solder alley. and the thermal
conduetivity and thermal mass of
colponents. Components with a
Lo mass, such as the $OT

packages, will reach solder rpflow

temperatures faster than those
with a greater Dass,

Agilent's diodes have been
qualified to tw thue-tenyperaliee
profile shown in Ftgure 23, This
profife iy represendative ul an iR
reflow trpe of surface mount
dsartibly process

After ramping np from room
temperaturs, the cireuit board
with components attached to it
theld In place with solder paste)

passes through ote or mare
preheal zones. The preheat zonws
incrense the temperatire of the
oard and compoietis to prevent
theral shock and begin evaporat-
ing sulvents from the solder paste.
The reflow zone briefly elevates
the teruperature sufficiently to
produce a reflow of the solder

The rates of change of fempeara-
tagee for the ramp-up and cool-
o 2ones are chosen to be low
enough to not calse seformation
uf the hoard or damage 10 compe-
nents due ta thermal shock. The
TiaxiEam temperarure i the
reflow zone (Taax) should not
exceed 23O,

These purameters ave 1ypical for a
stirfaece ot assembly provess
far Agilent diodes. As a general
guldedine, the riventt hnard and
cumponents should be exposed
only to the mininmm tempera-
tures and Hhnes necessary ta
arhieve o untform eeflow of
solder.

250 |
[ o Tuas
— [ i .
£ [ ! ™.
g 150 [ T !
[ Pt : 'Z:m:‘ [ .
[ | |
100 [+ v 1 1 .
b - Preheat ; Cool Down b
i C Ve i e
;
L i i 1 |
60 120 180 240 300
TIME {seconds)

Figeire 28, Surface Mount Assembily Profile.

0
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Part Nnmber Ordering Information

N, uf
Part Numboer Devieas | Containery
HaMS-2R2x-TH2 10063 12 Reel
HSME-2682%-TR1 ¢ BN 7" Reel
TISMS-282¢-BLK Y 100 anfistatie hag

=112, 3005

Package Dimensions
Outline 23 (8OT-23)

i {0940
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Agilent Technologies
engwating the 1HF Way

Device Orientation
REEL

ERD ViEW

FEED e
BRECTION Note: "##” represents Package Matking Code.
Patkage marking is right side up with carrier tape
perforations at top. Conforms lo Electranic
indusiries RS-481, "Taping of Surface Mounted
Components for Automated Placement
Standard quantity is 1000 devlces per reel,

COVER TAPE

Tape imensions and Produet Orientation
For Uutline SOT-323 (SC.70 3 Lead)

e P ] n,,b\ —- Py
" \ |
O d fb ~ ~ (_'l; o
! - -
o B BN N o DRECIENC I
T I 7 e 1 T f 1 w
oy : - Ko N P
‘L w é ( :) . ) I L { . { ) [
Z A :
[ N
—Dy
11 ICARRIER TAPE THICKNES S} Te{COVER TAPE THICKNES S}
\ ~ 8 WA K i o5 MAX.
Ay l"aﬂ"
DESCRIPTION SYMBOL | SIZE (mm} | SIZE (NCHES)
CAUTY LENGTH Aa FRIFT AL D080 £ 0.004
WDTH :% 22010 9092 + 0004
DEPTH K 1222018 0063 & 0.9004
PITCH 4 4902090 Q157 1 0004
BOTTOM HOLE (MAMETER By 1004025 0048 + 0.010
PERFORATION | DEAMETER 4] 1.35£005 Q.06 2 0.002
PTCH Py 400 1 0.40 0457 £ 0.004
POSITION E 1751010 00691 3.004
CARRIER TAFE | WIGTH w 4901030 0351 0.042
THICKNESS ty 02555013 F 0.01040.0003
COVER TAPE VADTH C 344010 0.2051 0.004
TAPE THICKNESS T 0.062 +0.001 | 0.0025 1 0.00004
DISTANCE CAVITY TO FE’ERFORATIDN F 3504005 0,138 £ 0,002 wnen semicond serr.agilent.oonr
mﬁ ?:Pmmu Py | 2002005 | 00780002 Plata subject ro <hange.
{LERGTH DIRECTION} 2 N 0T 04 Uegaerigly 5 20800 Agilont Techuologion

{Obsoletes Y68-23048E, H06R-501E
SOA3-8014E (1:00)

12




112

Tape Dinmensions and Proditet Orientalion
For (atline SOT-23

2 —p 10 PITCRES CUMULATIE
° TOLERAHCE ON TAPE
i +07 WM (1.008)
| = JEMBOSSMENT
bt ) T A
pa vy L7 vy /i

AN g

- t ~

STy ey —Jlg%j@
1 TN T TN

cpE e _—

CESCRIPTION SYMBOL | SIZE{mm) | SIZE GNCHES)
CAVITY LENGTH A 3452015 0.124 £ 0.008
VALY 8 2652025 0104 2 0.040
DEFTH " $301010 | 0051 £0.004
PIFCH Py 4001010 | o4s72n004
BOTTOM HOLE DIAMETER | Dy 1.00 min .M miin
PERFORATION | DIAMETER By | 155401850 | 0.061 +0.0040
PITCH Py | 480£D40 ] 045720004
POBTION £ 1732010 | 0.069 0004
CARRIER TAPE | #8DTH w 300507 | 01520008
THICKNESS 1 230£005 | 0.012£0002
COVERTAPE | WIDTH c 540:025 | 0205 0.040
TAPE THICKNESS T 00561001 | 5,003 $0.0004
DISTANCE CAVITY T0 PERFORATION F 1502048 | 6.13840004
BETWEEN WIDTH DIRECTION;
CENTERLINE 1 e ayiTy TO PERFORATION Py 200:005 | 00794 0.002
(LENG Tt DRECTION)
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DISCRETE SEMICONDUCTORS

DATA SHEET
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1N4148; 1N4448
High-speed diodes

Product specification 1999 May 25
Supersedes data of 1996 Sep 03

Philips
Semiconductors
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Phifips Semiconductors Product specification
High-speed diodes TN4148; 1N4448

FEATURES DESCRIPTION

« Hermetically sealed leaded glass The TN4148 and 1N4448 are high-speed switching diodes fabricated in planar
$OD27 (DO-35) patkage technology, and encapsulated in hermetically sealed leaded glass SOD27

« High switching speed: max. 4 ns (DO-35) packages,
« General application

« Continyous reverse voltage:
max. 75V
+ Reopetitive peak reverse voltage: L _— a
max, 75V © oo Jreemes e
+ Repetitive peak forward current: SOAE
max. 450 mA.
The o zdes are typs vrandag.
APPLICATIONS Fig.1 Simpified outline {SOD27; DO-35) and symbal.
« High-speed switching.
LIMITING VALUES
{n accordance with the Absolute Maximum Rating System (IEC 134), -
SYMBOL PARAMETER CONDITIONS MIN, MAX. UNIT
Ve repotitive peak reverse voltage - 75 v
Vr continuous reverse voltage - 7% \4
I continuous forayard cument see Fig.2; note | - 200 mA,
lepps repetiive peak forward current - 450 mA
lesp non-repetitve peak forward current { square wave; T = 25 °C prior to
surge; see Fig.4
t=1ps - 4 A
t=1ms - 1 A
t=1s - a5 A
Py total power dissipatian Tamp = 25°C; note 1 - 500 mV
Targ storage tepiperature ) +200 “C
T junction temperature - 200 C
Note

1. Device mounted on an FR4 printed errcuit-board; lead length 10 mm,

1999 May 28 ?
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Philips Semiconductors

Product specification

High-speed dicdes

TN4148; 1N4448

ELECTRICAL CHARACTERISTICS
T,= 25 -C unless otherwise specified.

SYMBOL PARAMETER CORDITIONS MIN. MAX. UNIT
farward voltage sea Fig.3
1N4148 Ir = W0mA - 1 v
IN4448 E=5mA 0.62 072 W
I = 100 mA - 1 v
reverse current Vz = 20V, see Fig.5 25 nA
V=20V T =150°C; see Fig.6 |~ 5 HA
raverse current, 1NA448 Ve =20V T = 100°°C; see Figh | - 3 HA
diode capacitance =1 MHgz: Va = 0; see Fig.B 4 pF
reverse recovery time when switched from e = 10 mAto 4 ns
Iz = 60 mA; R = 100 44;
measured atlp = 1 mA, see Fig.7
forward recovery voltage when switehed from Ie = 50 mA; |- 25 ¥
t.= 20 ns; see Fig.§
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE | UNIT
Reejyp thermal resistance from junction ta tie-point | lead length 10 mm 240 KW
Rpnia therma resistance from junclion to amixent | lead iength 10 mm; note § 350 KW

Note

t. Device mounted on a printed circurt-board without metallization pad,

1999 May 25
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Philips Semiconductors Product specification

High-speed diodes 1N4148,; 1N4448

GRAPHICAL DATA

a0 s a2 PG
" e
ma) imAj
200 400 P q’ /
\\ i l’ i /:3:
\\\ ] f/ //r
N ’
ne ey
\\ \ ;
~N ,' /
~ 1
r “ 4
e wooT, ke 20 3 1 Ve ¥ 2

(1 Ty=175°C; typ <3 vaues.
Dewvize mo . sted on an FRY cnntad-zircwst boara; lead ength 10 me. 121 Ty= 26°0: typical vahues

131 Ty= 2553 mas L vaues.
Fig2 Maximum permissible continuous forward

currertf as a function of ambient Fig.3 Forward current as a function of forward
temparature. voltage.
":2 IEGTTd
L)
1Y
9
] & o
\ S
101

» 2 3
1 1?2 0 I tp ihsi

Based " SQUITE AAVE TUTENTS.
T 2800 gt 1 surge.

Fig.4 Maxmum pemussible non-repetitive peak forward current as a function of pulse duration.

1999 May 25 4
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Philips Semiconductors

Praduct specification

High-speed diodes

1N4148; 1N4448

152 VapNG

{1 Va o= TEV: yypical valuey
10 Vi = 20V ypeal values.

Fig£ Reverse current as a function of junction
temperalure.

(L=

fathHz T)=25°C,

Fig6 Diode capacitance as a function of reverse
voltage; typical values.

¥
1999 May 25
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Philips Semiconductors

Product specification

High-speed dicdes 1N4148; 1N4448

A |
l <“"') CUT. g i
As=fen || ® I
. SANILING
b e 4 OECILLOECSPE
V= Vg tipKRy R =80m
I
input signal
i) k= 1ma

Fig.7 Reverse recovery voltage test circuit and waveforms.

output signat

Fig.8 Forward recovery voitage test cireuit and waveforms.

! Thp A5 0 i
— Ly -
1 e e ¥ 7 e
{-—_C:Zl |:}""“‘"‘| £ % 'R
Rp® 80 £ B (BT |
2 s CUT, QECALOSCORE Yy
E Ri=td
| f +10%
’ Py [ 1 I 1
— 1y 14
‘nPLt oupul
signal sigra;

1999 May 25 6
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Philips Semiconductors Product specification
High-speed diodes 1N4148; 1N4448
PACKAGE GUTLINE
Hermetically sealed glass pachage; axiaf leaded; 2 leads S0D27

F(;%
e T e

DIMENSIONS {mm are the griginal dimansions)

5 o [ T 2 1 2mm
umr max max. max, min, h‘;t:d
mm ] 188 425 24
Note
t. The marking band ind 2ates $4¢ cathooe.
OUTLINE REFERENCES EUROPEAN
VERSION 1EC JEDEC Y PROJECTION I8SUEDATE
2008 A24 DO-% SC-4 70850
DEFINITIONS
Data Sheet Status
Objective specification This data sheet contains target or goal specifications for product development.
Praliminary specification This data sheet contains prefiminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Liniting values given are in accordance with the Absolute Maximum Rating System (IEC 134}, Siress above one or
mare of the limiting values may cause permanent danage to the device. These are stress ratings only and aperation
of the device o these or at any other eonditions above those given in the Characteristics sections of the specification
is not implied. Exposure to liniting values for extendad petiods may affect device reliabiiity.

Application information

Where application information is given, it 1 advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed far use in life support appliances, devices. or systems where malfunction of these
products can reasonabiy be expacted 1o result in personal injury. Philips customers using or selfling these products for
use in such applications do so ot their own risk and agree to fully indenwify Philips for any damages resulting from such
Improper use of sale.

1999 May 25 7
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LM2904,LM358/LM358A,LM258/
' LM258A

 pual Operational Amplifier

Features Description

-« Internally Frequency Compensated for Uniry Gain The TA2904 T MISETMAIIBA. LMIS8TM258A consist of
k| + Lasge DC Voltage Gain: 10048 two independent, hugh gain intemally frequency

i » Wide Power Supply Range compensated operational amphfiers which were designed
LM258 TM238A. LMANSLMISEA: V- 324 jor =15V speasfieally 10 operate from a smgle power supply over a
~16V) wide range of voltage. Operation from sphit power supplies

o LMIS0d  3V-26V (or =l 3V - 13V) is also possible and the low power supply cuevent dvaum 15
§i; « Input Common Mode Veltage Range Includes Ground independent of the miagnitade of the pawer supply voltage.
.+ Large Quiput Voltage Swing: (W DC to Vee -1 5V DC Application areas include ansducer amplifier. DC gain
f|: + Power Drain Suitable for Batterv Operation blocks and alt the conventional OP-AMP citcuits which now

can be gasily implemented in single power supply systems.

8-Dip
! .
bs0F :
-« :
b
' internal Block Diagram
I e 1
ouT1 1 78 Vec
| A
NS 2 e [ 7.0uT2
A 1
INt (+) 7 3 i 6 IN2ZEY
) < 1
GND 4 Ter 5 IN2 ()

} |

Rev. 1.0.2
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LMZG04 L M3I58/LMIS8A LM268ILM25BA

Schematic Diagram
{One section only)
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Absolute Maximum Ratings

Paramater Symbol | LM258/LM258A | LM358/LM358A L2904 Unit
Supply Voltage Voo +160r 32 #16or 32 +13 or 26 v
Differential Input Voltage VIDIFF} 32 32 26 v
Input Voltage Vi -03t0+32 -0.3t0 +32 03t0+26 A
8;" gj E,S‘V?O{:C;rgggé?gn‘:amp) - Continuous Continuous Continuous -
Operating Temperature Range Torr -25 ~ +85 0-~+70 -40 ~ 485 “C
Storage Temperature Range Ts1o -65 ~ +150 65 ~ +150 -65 ~ +150 ‘C
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LM2904, LMISHILMISEA LM268/LM250A

o e

Electrical Characteristics

¥ (Voo = 5.0V, VEE = GND, Ta = 25°C, unless otherwise specified)

Svmbol Conditi LM258 LM358 LM2904 Unit
: Parameter v oncitions Min. | Typ. | Max. | Min. | Typ. | Max. [ Min, ; Typ. | Max.
e Vem = 0V to Vee
Input Offset \ 15V . 2970} - {2870 mv
Vottage e | g = 1.4V, 29160 m
_ Rs =0st
B| [ Input Ofiset lie ; |3l -|s5]sl -5 |s]na
£l | Current
Input Bias . . 4 50 45 | 250 | nA
Current Imas 45 | 150 5(2 n
Vet Vee
input Voltage ‘ Vee =30V Vet . o 1. v
Range ViR Lm2904, vec=26vy | © 5| 0 1510 1.5
Ry =w Voo =30V . : R
o] (LM2904, Ve 261 08} 20 6820 08 |20 | mA
Supply Cument | IeC Vo eV GETTZ [~ (06112 GE (12 | mA
. Voo = 15V,
Large Sal | Gy | Ri-zke 50 [100] - |25 00] - |25 {100| - |vimv
ollage Lain Voip; = Vo 11V
Vo | Vee=30V I R =2k 26 | - -2 - - 122 - - A
Vee R =
Output Yoltage =26Vfor { 1ok |27 | 28| - | 27| 28 Bl -|v
Swing LM2904)
Vo | Vee =8V, Ri= 10k | - 5 |2§-|8&]1201 - 5 | 201 mV
Common-Mode ) } } .l a8
Rejection Ratio CMRR 70t 85 65 | 80 50 | 80
Power Supply | popn ; 85 | 100 65 0o} - | 50 {100 dB
Rajection Ratio
Channel f= 1kHz to 20kHz ]
Separation cs (Note 1} 120 - |0y - -1 - dB
Short Circuit fo R . -
GND lec - 43 | &0 40 [ 60 40 | 60 | mA
V1{+E = TV,
tsource | i 2 G, 03| -|2ol0|- 20|20 |m
Vaip) = 2V
i = OV, Vi = 1V,
Qutput Current Vee = 15V, wiis| - L] 0l 15 - | ma
‘ Voup = 2Y
AN Ve = OV Vg =1V
Vee = 15V, i2 1007 - 124100 - - - - HA
Vap; = 200my
Differential - R . . . v
Input Voitage ViBiFF) - - Veeo Voo vVee
: Note:
1. This parameter, athough guaranieed, is not $00% tested in production.
3
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L2004, LMASHILMISRA L M258ILM23BA

Electrical Characteristics coninves

Vee= 6.0V, Veg = GND, unless otherwise specified)
The follovang specification apply over the range of -25°C = Ta = +85°C for the LM258; and the 0°C 5 Ta = #70°C
for the LM358; and the -40°C = T4 = +85°C for the LM2904

Parameter Symbol Conditions LM258 LM358 LM2904 Unit
Min.| Typ. | Max. {Min.| Typ.| Max. |Min.| Typ. [Max.
VoM =0Vio
input Offset \ Vee -1.5v I I - -
Voltage VIO VO = 1.4V, 74 90 1081 mv
Rs =012
Input Offset . - . R R . . .
Voltage Dift | +¥¥0/AT | RS =002 7.0 7.0 70 VG
Input Offset ho
Cuirrent - - - 11001 - 150 - | 45 (200 | nA
Input Offset . B ) 1 . } ) -
Current Drit | 10T 10 10 10 pASC
Input Bias e .
Current Iatas - 40 [ 300! - v 4D ] BDO)] - 40 |&00 ] nA
Voo = 30V Ve Vee
Input VOlage | vig) | (LM2904 . of - |S6to}-j200] - |20] v
ange Veg = 26V) 20
. Voo = 15v,
prgeSignal | gy | Ry =2.0k0 25 S - S P - I B KV,
g VoP) = Vo 11V
Voo=30V| RL =2k | 26 - 26| - - |21 - - v
Cutput Volta Vo (vee =
Sorne g& 26Vior | R=10ke 27 | 28| - | 27| 28 23|24 - | v
ng LM2904)
Vo fVoo =5V, Ri=10k b - F 120 - 5120 5120 mVv
Vig=)y = 1V,
Isource zgéz{:\é\/ 1W04{34 - (10|30} - |30 -] ma
v =2
Qutput Current R
Wi=) = 0V,
- Vi = 1V A } }
ISiNK Voo = 15V, 518 51 9 519 mA
Voip) = 2V
Differential
""Iplelir?.’r:::tage ViDIFF) - |- fVee] - | - {Vee| - | - [Verl V
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LM2904,LM3ISAILM3I58A L M25BILM25BA

=

Electrical Characteristics (contnueq;
(Vec= 5.0V, Ve = GND, Ta = 25°C, unless otherwise specified)

| 1. This parameter, aithough guaranteed, is not 10D0% tested in production.

LM258A LM3I58A .
Parameter Symbol Conditions Win.] Typ. | Max. [Min] Typ. | Max, Unit
-__7 "= -~ g
joput Offset Votage | vio | vcM =00 Mee AV 0 30 | - 20 | 30 | v
k| Maput Offset Current o : T2 1 | -5 |3 | A
Input Bias Current IBIag - - | 40 | 80 | - | 45 | W00 [ nA
. = o | Vee Vee
Input Voltage Range Vigry | Voo =30V 0 AE 0 - A5 v
Supply Current | RL =« Voo = 30V - |08 20| - |08 20 mA
uppy ¢ IRC=mVec =&V 05 | 12 | - |05 12 | mA
Large Signal Voltage Yoo = 15V, Ri= 2k | . )
Gain Gy Vo = Vio 11V ko { 100 25 | 100 VimV
RL=2k: | 26 - - 8 - - v
= 30V
Output Vohtage Swing | TOF [ Ve RroRaim (B | - [ B -V
Vo | Voo = 8V, R =10k - & 20 - 5 20 my
Common-Mode CMRR . 7008 | - |66 8| - | dB
! | Rejection Ratio
Power Supply .
Rejection Ratio PSRR - 65 | 100 - 65 | 100 - db
Channei Separation CS i f=1kHzto 20kHz {Nowel} | - | 120 - - |2t - db
Shont Circuit to GND Ise - - | 40 | 60 - | 40 | 60 mA
Ve = 1V, V= 0V
ISOURCE] y, oo = 16V, Vopy = 2V 20| 30 - 1201 30 - mA
Vigey = 1V, V= 0V ‘ A A
Output Current o Vee = 15Y, Vo = 2V 10 [ 15 1] 5 mA
| 3?0"(;;05’60‘":;‘;}"’ =NV otz |wof - Ja2lwe] - | wa
Differential nput .
Voltage VI(IFF; - - - {Vvee | - - | Veo | W
E| Note:
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L W2904 LMISE/LMISBA LM2SS/LMZSBA

Electrical Characteristics icontinuea;

(Vee = 5.0V, VEE = GND, unless othenvise specified)
The following specification apply over the range of -25°C = Ta & +85C for the LM258A; and the 0°C = Ta 5 +70-C

for the LM358A
LM258A LM358A
t Symbol Conditi i
Parameter Yy onditions Wi [Typ. | Wi, [Min. [Typ.| Max. Unit
input Offset Voltage vio [y e | o] -] s0 | my
Input Offset Voltage Drift | aVioisT - - {7015 | - §70 20 |wrC
Input Offset Current lic - - -3 | - -] nA
input Offset Current Drift | aAliciaT - - |20 - §10| 300 pAC
Input Bias Current Igias - - (40 00 - 140 | 200 nA
Input Common-Mode - _ | Vee | Ve
Voitage Range Viw | Vee =30V 0 -20 0 -2.0
Ru=2k) |26} - 261 - - \'4
Vo | VYec=30
Output Voltage Swing owy (Ve = R T (B [ - [ (B - [V
Voiy | Veo =5V, RL=10ke2 - Al 2| - 1 20 | mVv
Large Signal Voltage Gain Gy ng:p?: ?{,‘&‘f&}mu %0 - - 1% | - - Vimy
A
A SR VAYTEE ; ) ;
oot Curent IsoURCE Ve = 15V, Yop = 2V 10 | 30 1030 - mA
° lark | o=y = 1V My = OV 59 59| - | m
SikK Vee = 15V, Voipy = 2V
Differenttal Input Voltage | ViiDirr) - - - [ Veo i - Vee v
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 Typical Performance Characteristics

Figure 5. Qutput Characteristics vs Current Sourcing

}
1

PPY OLTAGE ()

Figure 2. Voltage Gain va Supply Voltage
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Figure 6, Output Characteristics vs Current Sinking
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LM2904,L MISBI1LMI58A LM258/LM258A
Typical Performance CharacteristiCs icontirues;
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LM2904 LM3IEAAMISBA, LM25BILMZEBA
{

3 Mechanical Dimensions

Package
Rimensions in millimeters

8-DIP
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LM2504, L M3I5SE/LMISBA LM25B/LM258A

Mechanical Dimensions wcontirues;

Package
Dimensions in miillimeters
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LM2504,LM358/LM358A L M58 M258A

—

Ordering Information

Product Number Package Operating Temperature
LM358N &-DiP
LM358AN 0 - 470°C
LM358M 8-80P
LM358AM
LIM2904N 8-DIP .
” LM2904M 8-SOP 4D~ 485C
LM268N
LM258AN &0 -
-25 ~ +85°C
LM258M 8.500
LM2G8AM

11
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DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY. FUNCTICN OR DESIGN, FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING QUT OF THE APPLICATION CR USE OF aNY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, HOR THE RIGHTS OF OTHERS

LIFE SUPPORT POLICY
FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPCNENTS IN LIFE SUPPORT DEVICES

OR SYSTEMS WITROUT THE EXPRESS WRITTEN APPROAVAL CF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION . A3 used herein:

1. Life support devices or systems are fevices of systems Z A crtical component in any compoenent of a life suppont
which, (n) are intended for surgical implant into the body, device ar system whose failure to perform can be
of (b} suppon or sustain life, and {c) whose faiure to reascnably expected to cause the falure of the life sugport
perfarm when propesiy used in accordance with device or gyatem, or 1o affact its safety or effectiveness.

nstructons fof use provided in the labaling, can be
reasonably expected to resull in a significant injury of the
user.

weay fzrchi asemicom

£:26C2 0.0 021
Steed#D Sonoo
£ 2002 Farch o Semiocnguctor Corporaton
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by 48380

WoE UL SBA SLT | SErake | DOIKG | NOMKD | DAB™

GlabalOphoiselator™

6-Pin DIP Optoisolators
Transistor Qutput

The aN38 and 4N33AL1) devices censist of 3 gaBium arsenide mfrared
emitiing diode optically coupled to a monoiithic siicon photoiransistor detector.

+ Guaranteed 80 Yolt Collector-to-Emitter Breakdown ip)CEQ)) Minimum
» Maets or Exceeds All JEDEC Registered Specifications

« Yo order devices that are tested and marked per VDE 0884 requiraments, the
sufix "V must be incladed at eid of part number. VDE 0884 is & fest option,

Applications
+ General Purpase Swiiching Tircuss

4N38
4N38A*

[CTR = 20% Miin]

*Motorela Preferced Device

STYLE 1 PLASTIC

: ) ) STAHDARD THRU HOLE
« |nterfacing and coupiing systems of different potentials and \mpedances CASE 730A—04
« Monitor and Detection Circurs
MAXIMUM RATINGS (Ta = 25°C uniess otherwiss neted) ‘ SCHEMATIC
! Rating I Symbol I Value l Unit I
INPUT LED zj 6
Reverse Yotage YR 3 Voits 2 A T
Foraard Current — Continuous Ie 2 1 10} 4
Fonward Curent — Pk {PW = 300 pa, 2% duty cycia) IF{pk} K A
LED Powe: Cistipation & Tp = 25°C Py 150 mw PN L LED ANCOE
with Hegiigisle Power in Ouiput Detsctor 2 LEDCATODE
Detate ahove 25°C 4 MG 3KC
4 EMTIER
CUTPUT TRANSISTOR 5. CCLLECTOR
Cotector-Emitter “oltage VeED Er) olts 6. Bast
Emitter—Collecter “nhage VECD T iplts
Coliector-Base voltloge VEBO b ‘Yol
Collettor Cumrent - Continuous ic o M
Delector Power D-ssipation @ Ty = 25°C Py 150 mw
with Megligitie Power m Inge LED
Derate above 25°C 176 mAC
TOTAL DEVICE
1soation Surge Votage!s) Vian 7800 aciph)
1Peak ac votage, 80 Mz, 1 sec Duration}
Teta' Device Power Dissipaton § Tp = 25°C Po 250 mw
Cerate above 25°C 294 mwrg
Anbient Operating Temparature Rongeis! Ty |-%swewn| °C
Storage Temperaturs Range! 5} Tag | -Sw50]| ¢
Sedering Temperature (10 ses, 118" from cose} 7. 280 C

1. 4K33 does not require UL approval, 4WN384 does. Otherwise Loth pirts are idantica’. Both parts.
built by Mowreia have UL approval.
2. Isclation surge voltage is an internal device disteciric breakdown rating
For this tesi, P=na 1 and 2 are ¢omvmon, and Ping 4, 5 and € are sommon.
3. Refer o Quality and Reliabfity Section in Coto Data Book for infornsation on test condtions,
Preferved dev 2as asg Motorela iecomrrendes chojoes for uture o8¢ and best ovgral value
Gloua Optoisa ater is a tracemark of Motono:a, Ing.

REY 2

i Wotern'a, |ne. 1595

@ MOTOROLA
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4N38 4N3BA
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted) 1)
| Characteriatic symbol | Min | yp | mex | umit |
{NFUT LED
Forward Volnge fie = 15 may g 25°C Vg - 118 1.5 olts
Ty = -55°C — 13 -
T = 100°C - 105 -
Reverse Leakage Current (Vg =3 V) IR — — 100 ey
Capacitance {V = 077 w1 MHZ} Cy —_ 18 . pF
QUTPUT TRANSISTOR
CollectorEnitter Cark Cureant (FOE = ED ¥, Ta = 2603 CEn — 20 i) A
eE =80, Ta = HID) — ] — 1Y
Collector-Base Dork Curent {¥cpg = 60 %} IcBe — 2 20 né,
Collector-Enitter Breakgown vatage g = | ma) IBRGCED 80 120 —_ valts
Collector-Base Breakdown Voltage (o = 1 0A; VIBRICBO &0 120 — volis
Ermitter_C c'lector Breakdown volage g = 100 pA) VBRIECO 7 7.8 - ot
DC Curient Gan i =2 A, Vog =5 V) [ - ana — —
Coltector-Emitter Capacitance if = 1 Mz Yop =0} Crg — 3 w— pF
Coligctor-Base Capactonce if = 1 M&z, YVog =01 Cra —_ 21 — pr
Emitter—Base Capacitance {f= 1 MHz Vg =10) CeR — ] e pF
COUPLED ,
Cutaut Cofiector Cument (s = 2 A, Veg = 15 Ie fCTRIET 1 4420 T {35) — ma (%)
Coltector-Emitter Saturation \otage (ig = 4 i, I = 200wy YCE(gat) — — t Volts
TumeOn Time (lo = 2 ma. Yoo = 12, Ry = 100100 ton - 5 — ks
TUm-=0ff Time (I = 2 m, Voo = 10% Ry = 103 KR tolt — 4 — us
Rise Tine (¢ = 2 ma, Yoo = 10%, Ry = 16251003 [ - 2 - us
["Fal Trve (e = 3 WA, Ve = 10 %, R, = 100 0137 Y o 3 - ey
isoation solfage {f = B0 Hz, t= 1 seev¥! Viso 7500 — - wacipk]
iscintion Resistance 1t/ = 500 R4 Rigo 104 — . [
iso otion Copatitance (v = 07 T = 1 MHz)f#! Ciso — 0.2 . pF

. Always dasgn ic the specifed nrnmumimaxirum elecirical limits (where opplicabiel.

2. Current Transfer Ratio (CTR} = Io/lF  100%.
3. For test circuit sefup and wavefoms, refer to Figure 11

4, For th-s test, Pins 1 and 2 are common, and Fing 4, 5 ond & are comnon.

TYPICAL CHARACTERISTICS

T 1
[ e ——pLSE ONLY TV
{8, 5[ e PULSE GRDC 7 ¥
&g A A
= y:
ul / ,
L0 E
& LE
4 i XY
B 4 I ¥
ARV 4
3 ) T LA
T Tg = -850 iy
L g T
k] = nd

Aanll 100°C

H ic ico 00

IF, LED FCRYWARD CURRENT fmd?
Figure 1, LED Forward Voltage versus Forward Current

E' ic gEiimm=t=sscoin
3 =i T £2

% [ NORMALIZED TC: It

¥ Est0ma 1}

G kel i

£

I P

o o

Q .

Qo2 H =

Iyl —

@

)

3

;L

3061 [1]]
S A F R e -iT 2 a0 10)

i, LED WPUT CURRENT ifrA
Figure 2. Outhut Current versus Input Current
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4N38 AN3BA
1% {il S —
~ ' ' T
"oy ¥ — —
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Yiog, COLLECTR-EMTTTER YUTAGE IV0L™S) * T, AMBIENT TEMSERATURE 1°C]
Figure 3. Collector Current versus Figure 4. OQutput Current versus
Collector—~Emitter Voltage ’ Ambient Temperature
i
H
- e - — T T T - ;gu
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+ Figure 5. Dork Crrent versus. Figure 6. Rise and Fait Times
Ambient Temperature (Typical Values}
e =7 100 F—FF
Ve s 10V EE Veo =10V 1
o e - s C
@ X b
» I R = z
£ : ML Ry =100 -
Y T LA !
# z 4 H {
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4N38 4NJBA
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Figure 9. DL Current Gain (Detector Only} Figure 10. Capacitances versus Voltage
TEST CIRCUIT WAVEFORMS
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INPUT CURRENT AD.STED = mihat ]L‘i -
TOACHEVE =24 o e

Flgure 11. Switching Time Test Circuil and Wavelorms
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4NJ38 4aN3BA
PACKAGE DIMENSIONS
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4N38 4N3BA
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CASE 730D-05
ISSUED
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Philips $Semiconductors

TrenchMOS™ transistor

Product specification

N-channel enhancement mode

IRFZ44N

GENERAL DESCRIPTION QUICK REFERENCE DATA
N-channel  enhancement mode SYMBOL | PARAMETER MAX, UNIT
standard level field-effect power
transistar in a plastic envelope using Vo Drain-source voltage 55 v
‘trench’ technology. The device I Crain current {0¥C) 1] A
features very low on-state resistance Py Total power dissipation 110 w
and has integra! zener diodes giving T, Junction femperature 175 'C
ESD protection up to 2kV. It is Rpzian Drain-source on-state 22 mi}
mtended for use in switched mode resistance Ve =10V
power supplies and general putpose
switching applications.
PINNING - TO220AB PIN CONFIGURATION SYMBOL
PIN DESCRIPTION -
%ab ) C) N
1 |gate : .-.—.—;.::J
2 |drain
3 lsource
tab |drain
LIMITING VALUES
Limiting values in accordance with the Absciute Maximum System (IEC 134}
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
Vog Drain-source voitage - - 55 A9
Vaen Drain-gate voitage R,y = 20 k(2 - 55 \Y
Ve Gate-source voltage - - 20 v
lo Drainy qurrent {DC) Teg=25'C - 49 A
by Drain current (DC) T = 0G'C - a5 A
L Drain current (pulse peak value) [T, =25°C - 160 A
ot Total power dissspalion Tm=25'C - 10 W
T 1) Storage & operating temperature |- -65 175 'C
ESD LIMITING VALUE
SYMBOL |JPARAMETER CONDITIONS MiN, MAX. UNIT
Ve Etectrostatic discharge capacitor Human body moded - 2 kY
voltage, all ping {100 pF, 1.6 ki)
THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS TYP. MAX. UNIT
Rirprn Thermiat resistance juncton to - - 1.4 Kiw
mounting base
Rz Thermal resistance junction to in free air &0 . KW
ambient

February 1999

Rev 1.000




Philips Semiconductors Product specification
N-channel snhancement mode IRFZ44N
TrenchMOS™ transistor

STATIC CHARACTERISTICS

T= 25'C unless othervise spacified
SYMBOL |PARAMETER CONDITIONS MIN, | TYP. | MAX. | UNIT
Yenooe Drain-source breakdown Ve =0V I = 0.25 mA: ) - - v

voitage ‘ Ty=-68'C | 50 - - ¥

Vs Gate threshold voltage Vin = Ve 2= 1T mA 2.0 30 4.0 v
o T,=175'C { 10 - - v

T=85C i - | - | 44
lans Zero gate valtage drain current Vo = 55V Vg =0 V; - 0.0 10 HA
T, = 175°C - - 500 nA
liss Gate source leakage curent  [Vg, =210V, V=0V - 0.04 1 HA
T,= 175'C - - 20 pA
tVanzes | Gate source breakdown voltage [l = 1 mA: : 16 - - v
1o Drain-source on-state War = 10V, =25 A - 15 22 mik
resistance T, = 178'C - - 42 Ml
DYNAMIC CHARACTERISTICS
Tre = 25°C unless ctherwise speacified
SYMBOL [PARAMETER CONDITIONS MIN. | TYP. | MAX, | UNIT
gs Forward transconductance Mpe =26V =254 & . B S
Cu Input capacitance Ve S0V V=26V .f= 1 MH2 - 1350 | 1800 | pf
Cous Cutput capacitance - 33c | 400 pF
Cs Feedback capacitance - 368 | 215 pF
Gy Total gate charge Ve =44 ¥ =50 ALV, = 10V - - 62 n
Uy Gate-cource charge - - 15 nC
Qgy Gate-drain {miller) charge - 26 nC
{400 Tum-on delay time Vep = 30V 1, =26 A: - 18 26 ns
t Tum-on rise tme Vee S 10V Rg= 1042 - 50 75 ns
Yor Turn-off detay time Resistive toad - 40 50 ns
L Turp-off fall time . 3 40 ns
Ly Internal drain inductance Measured from contact screw on - 35 - nH
fab to centre of die

1 Intemaf drain inductance Measured from drain iead 6 mm - 45 - nH
from package to cenire of die

i, Internal source inductance Measured from source lead 6§ mm - 75 B nH
fram package to source bond pad

REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS

T, = 25'C unless otherwise specified
SYMBOL JPARAMETER CONDITIONS MIN. { TYP. | MAX. | UNIT
[P Caontinuous reverse drain - - 49 A

currant
. Pulsed reverse drain current - 180 A
on Diode forward voltage Fr=25 A Ve =0V - 0.95 1.2 \'4
=40 A Ve =0V - 1.0 -
tr Reverse recovery time le = 40 A; -dig/dt = 100 Adps; - 47 - ns
Q, Reverse recovery charge Ve, =-10V V=30V - 0.1% - e
February 1999 2 Rev 1.000
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Philips Semiconductors

Product specification
N-channel ephancement mode IRFZ44N
TrenchMOS™ transistor
AVALANCHE LIMITING VALUE
SYMBOL jPARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Waes Drain-source non-repetitive lp =45 A, Yoz 25 Y, - - tig ntl
unclamped inductive turn-off Voo = 10V R, =80T, =25'C
energy
1an PO% Hovmavsad Power Daoating 1000
1 H
00 - 54 [
0 o Pous
30 = ~ 3
& H = 250 us
2 o o : h. \\ \“ (1]
® =
29 P i g
12 17606
] N
26 47 e &7 1o 30 Wo oiR0 180 . L1
Tk e ' W vos v 127

Fig. 1. Normalised power dissipation.

Fig 3 Safe operating area. 1., =25 'C
PD% = 100 Po/Py 25+ 7 {1 ) i y o

In & loge = fVpe): Ione SiNgle pulse; parameter t,

£ Nevmatsad Cumart Dacgting

"
M i
T 33 40 & i5 fon 0 w0 R 13
T, ¢

Fig.2 Nomnalised continuaus drain current Fig.4. Transient thermal impedance.
10% = 100 o/tn 30 o = § Tl conditions: Vo 2 10V Z o = I{Y); parameter O = 1/T

February 1999 3 Rev 1.600




Fhilips Semiconductors

Praduct specification

N-channel enhancement mode
TrenchMOS™ transistor

IRFZ44N

W o il WESY -

g

4.F
oz H 1 psy B ] g4 7

Fig.5. Typical output characteristics, T, = 26 °C.

Iz = f{V5z); parameter Vs;

/ ———
1V
I
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S S £ = [E:
20 oA 5 3

Fig.8. Typical ransconduciance, T, = 25 °C.
g = f{lp}; conditions: Vos = 26 V
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Fig.6. Typieal on-state resistance, T,= 25 ‘C.
Reoaony = Hip), parameter Vg,
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Fig.2. Normalised drain-source on-stile resistance.
2 = Rozen/Rosions e = KT I = 25 A Vs = 10V

100 VESTOL Y
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A / / 11
o 7 L i o
® // yEsas:
& 4! AR aasaEaar ik
/f £
Y ! i i 5
40 3
, 4 , :
e wea |
s
¢ ? e T 7 o [
7 H E @ H e
Fig.7.  Typical iransfer characterisiics. Fig. 10.  Gate threshold voltage.
Iy = f{Vs5) . conditions; V. = 25V parameter T, Yosre: = KT} conditions: = 1 mA; Voo = Vi,
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Philips Senviconductors Praduct specification

N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

e sl / Ed
/

g
/
,/
) 1A
E - i T — e
s = 7 T | AR | N T T T FE
& 1 < 2 < £ v
Fig. 1} Sub-threshold drain current. Fig.14. Typical reverse diode current.
Io = {Ves, conditions: T, = 26 °C; Vipp = V3, fe = {{Vzpa); conditions: V= 0 V; parameter T,
28 o WDSS e
af
E) ™ mo
1Ll & w0
tg ' 5 ™ X ““'" - :\Z.
© N FT3I| & = @
£ < ! L D
- 47
M Yl )
P o &N
[~ T Coes ¢ G
| il o R - A L
oot et i vosw Juled Tmb.
Fig 12 Typical capacitances, Cyy, Cos, Cue Fig. 15, Normalised avalanche energy rating.
C = f{Vou); conditions: Vea =0V, f= | MHz Wias% = KT,,). conditions: I, = 49 A
VGG“V

; YOS = u}, / /

oV el
/

: ]

: ] £ £ £ s

® aewe o
Fig 13. Typical turn-on gate-chargs characterisiics. Fig f 6 A??Ia"fhﬂ g:mgrg;itesu:';rcmr.
Voo = f,f s conditions: [_-;. = RO A, pammeter V..':: TP o= 0.5 -LI:.| -BI :N’"BI e ™ I'.‘:u)
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Philips Semiconductors Product specification

N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

[ +._]‘vm
=
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g
Fig. 17, Swilching lest circuit.
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Philips Semiconductors Product specification
N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

MECHANICAL DATA
brmensions "

4.5
Net Mass: 2 g max
103 - -
— -
max
[ qpe— iy 2
3‘? o1 *
l —_
l] ~ | 28 = 59
i ? m min

; : o
! | : 15,8
! ; max
i L

3,0 max
not tinned «L:—’ |/ 30
+ Pl 13.5
—-—l’{ i min
13 ‘
max 11 2631
(QXL,i -:*EI‘- 0.9 max (3%) 0.6
——:‘ r— 24

254 2,54

Fig.18. SOT78 (TQ220AB); pin 2 connected io mouniing base.

Notes

1. Observe the general handiing precautons for electrostatic-discharge sensitive devices (ESDs) to prevent
damage to MOS gate oxide.

2. Refer to mounting instructions for SOTT8 {TO220) envelopes.

3. Epoxy meets UL94 VO at 148",

February 1999 7 Rev 1.000
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Philips Semiconductors Praduct specification

N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor

DEFINITIONS

Data sheet stalus

Objective specification ] This data sheet contains target or goal specifications for product development,

Pretiminary specdication | This data sheat contains prehminary data; suppiementary data may be published tater,
Product specification This data sheet contains final product specifications.
Limiting values

Limiting values are given in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one
or more of the limiting values may cause permanent danage {o the device. These are stress ratings only and
operation of the device at these or at any other conditions above thuse given in the Characteristics sections of
this specification is not implied. Exposure to limiling values for extended periods may affect device retiability.

Application information
Where application informatian is given,  is advisory and doss nat form part of the specificaton.
i) Phillps Electronics N.V. 1993

All rights are reserved. Reproduction in whole of in part is prohibited without the prior written consent of the
copyright owner.

The information presented in this document does not farm part of any quotation or contract, it is believed to be
accurate and reliable and may be changed without notice. No liability will be actepted by the publisher for any
consequence of its use. Publication thereof does not convey nor imply any ficense under patent o other
industeal or intelfectual property rights.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices or systems where malfunction of these
progducts can be reasonably expected to result in personal injury. Philips customers using or selling these products
for use in such applications do so al their own risk and agree to fully indemnify Philips for any damages resulting
from such improper use or sate.

February 1999 & Rev 1.000
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Afiameldu ET-BASE AVR ATmega64/128 ETT
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ETT

wasn PA S11ne 8 s
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