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Special Project Title Light Spectrum Measurement Using Photodiode Array
Name Miss Patcharapom Nipathahatthapong
Mr. Suchad Panluk

Department Applied Physics
Special Project Advisor Assistant Professor Dr. Warawut Thowladda
Academic Year 1997

Abstract

Measurement of light spectrum using photodiode array was designed and built
to measure diffraged light spectrum from grating. The diffraged light is incident on the
1024 alloy photodiode array.The position on the array is corresponing to the wavelength.
The photodiode array has a spectral response between 200 to 1000 nm and has spectral
response peak at 750 nm .Signal charge from the phtodiode array is linear response
with enposure of light. The signals are amplified and transferred to the computer via

printer port.
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E
include <dos.h>
include <graphics.h>
include <conio.h>
include <stdic.h>
include <stdlib.h
include <bios.h*
incliude <mempoint.h’
include <line.h>
include <boxy.h>
include <fillbox.h*
int‘main(void)

int gdriver=DETECT .gmode,errorcode.i,J.yl.v2:
char oldname[80] = "testl",newnamel80];
initgraph(&gdriver, &gmode, "")3
setcolor(13);
' boxy (0,0,639,479) 3
baxy(1l,1,638,478);
bony (22,637,477 /¥backgroundi/
bouy (3,3,636,476) ;
boxy(4.,4,635,475) 3
setcolor(7);
Fillbox(S5,5,634,474)
setcolor(2);
fillbox(40,80,400,140); JASAVE MEMUX/
setcolor(9):;
fillbox (40,160,400 ,200) 3 FRBOX SAVEXR/
setcolor(9);

£

mettextstyle (8ANS_SERIF_FONT ,0,5):
outtextxy(30,80,"5ave Menu");

fillbox (40,230,400,280) 3 /¥FPlease box¥/

[ fillbox(420,250,480,282) f¥filename boxk/

setcolor(iG);
settextstyle(SANS_SERIF_FONT ,0,3):
outtextuy(30,160,"5ave file"):

settextstyle(SANS _SERIF_FONT ,0.3);
outtextiy (546,243, "Flease Enter Filename S
gotoxy (34,17} ;

' gets{(newname) i

it (rename(cldname;newnames}==0)

printf("Rename “s to 48 . \n ",cldname,newname);
else

gotoxy (40,19) 3

pervraor(rename' )
getch():
. closegraph();

return O 3

)
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%
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
int main
1

int

int gdriver
al,a2,bl,.b2;

cconio.hr
vstdio.h>
“<graphics.h>
<dos.h*
<atdlib.h>
“hios.h>
“ctype.h>
“mempaint.hs
<line.hx
“bosy.h>
“fillbox.hs
(vaid)

DETECT gmade .errorcode,l,11=0;

L]

char msgl30];

initgraph(&gdriver&gmode,"");

origin: /% ORIGIN  LOOFP%/
setcolor(15); ‘
boxy (0,0,639,479);
boxy(1,.1,638,478):
bouy (2,2,637,477) 3
boxy (3,3,636,476);
boxuy (4.4, 635,473) ;
setcolor(7):
fillboxu(5,5,634,474)
setcalor(8);
fillbox{38,78,402,142);
fillbox(38,138,402,202);
Fillbox{38,208,402,252); /%DAREK  GRAY%X/
fillbox(38,258,402,302);
fillbox (38,308,402,352);
setcolor{9):
fillbox(40,80,400,140) JRMAIN  MENUX/
setcolor(13):
Fillhox (40,160,400 ,200) Fibox SCAMK/
Fillbou(40,210,400,250); /¥kbox SAVEXS /XLIGHT GRAYX/
Fillbox (40,260,400,300); /kbox OFENX/
fillbox (40,310,400 ,350); /¥box FPRINTX/
Fillbox (230,380,400,430) /kbox exitk/
setcolor{ld4):;
settertetyle(SANS_SERIF_FONT  ,0,3):

outtextuy (50,80, "Main Menu");

setcolor(l10);

cuttextyy (50,150, "Scan Spectrum"};
outtextuy (50,200,"85ave file");
outtexrtuy (50,250, "0pen file")s
outtexty(S0,300,"FPrint");
outtexntuy (285,375, "Exit")s

¥

da ! KEYROARD MENU %/

do

£
%

i
cetcolor(4);

boxy (36,159 ,4035,203) 3
bony (37 ,188,404,204) ;

/% SCAN  BARY/

if{ bioskey(0) == 0xlcdd)
i
system("scaner"};
goto origing

(o)



setcolor{li);
boxy (36,159,403 ,203);
hoxy (37,158,404 ,204) /% SAVE RARX/
setcolor(4)s
bhouy (36,209 ,403,253}) 3
boxy (37,208,404 ,254) ;
if({ bioskey(0) == OxlcOd)
i
system("save");
goto origing

)
J v

=~

3
while (bioskey(0Q) !'= 0x3000});
do :
{ setcolor(18);
boxy (36,209,403, 233)
bony (37,208,404 ,234) 3
setcolor(4): /% OFEN BAR %/
bosy (36 ,258,403,303) 3
boxy (37 259,404 ,304) ;
if( hioskey(0) == OxlcOd)
r

L

AL oy

system("open®);
goto origing
}
¥ ,
' while (bioskey(0) '= Ox3000)});
do
; { setcolor(18);
. boxy (36,2588,403,303) 3
boxy (27,259,404 ,304) 3§
setcolar(4): J¥FPRINT BAR%/
boxy (36,307 ,4035,331) 3
hoxy (37,308,404 332} 5
if( bioskey(0) == O0ulcOd)
1
system("cd\inset"):
system("capture”};
goto origing
3

4
J

while (bioskey(0) != 0x3000};
' do
{ setecolor(li)s
boxy (36,307,403, 3081 ) ¢
i boxy (37,308,404 ,352) 3
setcolor(4): /% EXIT BARX/
hoxy (228,378,401 ,428) 3
boxy (229,379 ,402,429) 3
ifi{bioskey(Q) == OxlcOd)
{ clrecr{);
exit(1):73
¥
while (bioskey(0) !'= 0x3000);
! setcalor{ls};
boxy (228,378,401 ,428)
boMy (229 ,379,402,429) 3

}
while(bicskey(0) !'= Oxllb)i

H getch{);
: closegraph():
return(O);
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#include
#include
#include
#include
#include
#include
#include

wgraphics.hs
<conio.hx
“stdio.h>
<stdlib.hX
“hios.hs
<mempoint.h>
“line.h>

.#ihclude <hoxy.h>
#include <fillbox.h®
ipt main{void)

{
int gdriver=DETECT ,gmode,errorcode,contentllO24],1,5,y1,y2,k1 k2, k3¢

Pint status:
FILE¥fp:

ipitgraph(&gdriver,

loop:
!

F

"”\

qgmode , Yz

cetrolar(lﬁ);
xy( 1, 0,639,479 ;
/(l 1,638,478 ;
(L,E,é:75477);
QHY(3535636,476)3
Oy (4,4 ,635,4758) 3
setcolor(7):
fillbou{3,5,634,474);
setecolor(l);
line (40,1040, 4%0);
line (40, 4qu énu
1lﬂQ(QHq 50,40, 4%u)
line(ﬁﬁ;jﬁu 4H
line (35,350, 4u,gdu);
line(38,250,40,250);
line {40,230, éOu, 30):
line (35,230,400, 10);
1line(35,130,40,130)
line(35%,30 40‘ 30

35

g ot

. SEtchtctylEquﬁL
outtextxy (133,230,
outtextyy (235,
auttex '”y(,?ﬁ.ESU
outtextxy (43 4230
ocuttex txy("fb, €
outtex y(lub,450
outte Y{235,430,
outtextuy (335,450,
cuttextiy (435,450,
cittextuy (335,450,
cuttextxy (300, 4&0

oy

,-_.__\H

oy

Mol

qwﬂ4n=ptmp
450, k1,455
“1an1 =

B s et

Ffor{kl=140sk1l

i line(kl,
line{kl

oy
3 AR RN

fgd

(=8
'4’:

{ printt ("cannet

| return 1@

3
¥

-
L,

T =status bipsp
7 while (stat
gotoxRy (70, 1)

g intf

"y

sta LUE = piosp

JFONT

«0:3)

s

{({fp=fopen{"testl",

("Ready");

"LOO0M") ;
Il"\(-)(.) " )
H "‘"( )()ll ) H
n 400” ) ;

'y
5

n

H

O . u S00" ) H

NEOO" Y
NFQO")
1] 8':..)()” )
nc?,: )“n ) n

"100@“)-

"Pogition of

a
Es

"

hd

¥}

...-,

£K

1+1c
1s
Y
“l_:‘,!t(“ ) :l'-::
Cpern

MUHL)

FAint(Z2.1,0)3
us 112z

toon

rint(F, 1,00

¥ Y axis
¥ firs

/% second X

g3

file \n");

£/

t X awis X/

Scale numbesr¥/

FROQpen

SRk first

Ffilex/

pressei/s

SReecond preszsg/



{ status = biosprint(2,1,0); /¥second pressk/
¥ while (status != 48);

putport(Ox378,258)

for{i=03i<=1023gi++) /XDELAY get dataXx/

t

for (di=03dl<=103d1l++)

{ d2=2;

",

3
contentlil = inp(Ox378);: .
}

for(i=031i<=10233i++)
{
it (contentli+l1d > Z30)
{ content[i+1] = content[il: b
if (content[il * 130 & contentl[i+1] - content[i] >20)
{ contentlil = contentlil+20; ¥
if (contentli] » 130 & contentli-11 - contentli] 20}
{ content{i] = contentli]-20; ¥
it (contentli-1] - contentfil * 100)

%,

{ caontent[il]l = contentlil-100; H

furite(&contentlil,.sizecf(int),1.fpl);

}
w2 = 2E0; FEDRAW O-511%/
for (i=ljid=5311zi++)

r

L
vi = 230 — contentlil 3

line(40+i,y2 40+i,y1) 3 /XDRAW O—-511%/
yzxyla )

it (y2-yl > 40)
{ oyl = ya/255
if (y2-yl < —40)
T vl = yi/235%
delay(1l);

E
far (i=3123i<=102331i++)

L
vl = 450 - contentfi] i
line(i-472,y2,1-472,v1)3 7% DRAW 512 - 1023%/
yE=ylj

if (yZ2-yl1l » 40)
Lyl = y2/2;35
if {y2—-yl < 40)
T vyl = ywi/2:7%
delay{l):
¥
setcalar (4);
settertstyle (SMALL _FONT ,0,3);
while (bioskey(0) == OxlcOd)
i dao
status = biosprint(2,1,0);
Y while (status = 112);: FiRecycle to loopkx/
goto loops

Fale

fo

closegraph();
retuwrn O 3

e
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JNEG2G RETICON

S Series
Solid State Line Scanners
128, 256, 512, and 1024 Elements

F
General Description

The Reticon S series is a family of monolithic self-scanning
finear photodiode arrays optimized for application in spectros-
copy- The devices in this series consist of a row of silicon
hotodiodes, each with an associated junction capacitance in
which to integrate photocurrent and a multiplex switch for
riodic readout via an integrated shift register scanning cir-
cuit. The part number of each device indicates the number of
elements in the array (e.g., 128, 256, 512 or 1024).

The. S series devices are mounted in ceramic side-brazed
dual-infine packages which mate with standard 22-pin inte-
grated circuit sockets. The pinout configuration is shown in
Figuré 1. Package dimensions are shown in the outline
drawing of Figure 11. Standard S series devices are sealed
with @ ground and polished quartz window. However, the
optional fiber optic faceplate version shown.in Figure 11 is
also available. The fiber optic faceplate has 6 um diameter
fibers and a numerical aperture of 1.0.

Key Features

+ Simultaneous integration on 128, 256, 512 or 1024 photo-
diode sensor elements with 25 pm center-to-center spac-
ing

+ Each sensor element has a 100:1 aspect ratio (25 um x
2.5 mm)

+ Integration times as short as 64 psec or as long as 0.3
sec are possible at room temperature. Integration times
of minutes or even hours without sensors saturating can
be achieved by cooling.

+ Low power dissipation (less than 1 mwatt) to facilitate
cooling

« Clock controlled sequential readout at arbilrary total effec-
tive data rates up to 5§ MHz (fc =1.25 MHz max)

+ Differential output to cancel clock switching transients and
fixed patterns

+ Low output capacitance for low noise

+ High saturation signal charge (14 pcoul) for wide dynamic
range

* Wide spectral response (200 - 1000 nm)

+ Choice of quartz window or fiber optic faceplate

+ Standard 22 lead dual-inline integrated circuit package

Sensor Characteristics

The Reticon S series self-scanning photodiode arrays contain
128, 256, 512 or 1024 silicon diode sensor elements on 25
um centers corresponding to a density of 40 diodes/mm and
an overall aperture length of 3.2, 6.4, 12.8 or 25.6 mm. The
height of the sensor elements is 2.5 mm giving.each element
a slit-like geometry with 100:1 aspect ratio suitable for cou-
pling to monochromators or spectrographs. The sensor ge-
ometry is shown in Figure 3.

Charge generated by light incident on the n-type surface be-
tween two p-regions will divide between the adjacent diodes
to produce the response function shown in Figure 3.

Figure 4 shows typical output charge as a function of expo-
sure at 750 nm wavelength. Exposure in njoules/cm2 is cal-

Ground 1 22 NC
I — ]
 Substrate f] 2 21 [ Ground
EvenStat [| 3 20 [] ©Odd Start
Evene, f[| 4 19 1 Odde,
Eveno, [] 5 18 [I Odde,
Substrate [| 6 17 [} Substrate
Even End-of-Scan [] 7 16 [] Odd End-of-Scan
EvenResetGate {] 8 15 [ Odd Reset Gate
Even Dummy Video [] 9 14 {1 Odd Dummy Video
Even Active Video [} 10 13 [] Odd Active Video
ResetBias [| 11 — ~ 12 [] Substrate
Figure 1. Pinout Configuration
a '
2 a Ocd Stit Register I——End of Sean
Odd Dummy Video
H H
ki ? P ,l]* & J,
Odd Reset Gate
0dd Active Video
Oud Actve E}— ;JP Pr
1 3 1023 S " Reset Bias
EvenAcive 12 14 1024
Photodiodes  Th "3'7 h cy
: Even Active Video
<3
E;’;;‘,E;’.%{ ‘ﬂ ! Even Reset Gate
H ¢ W Cy T
i Even Dummy Video
i

Even Shift Register

Stant
A
%

Figure 2. Equivalent Circuit

‘I-—-Endoi&:an

culated by multiplying the light intensity in pwatt/cm? by the
integration time in msec. Note that the response is linear with
exposure up fo a saturation charge of 14 pcoul at a saturation
exposure of 50 njoules/cm2. The sensitivity is defined as the
ratio of saturation charge to saturation exposure and is 2.8 x
104 pcoulfjoule/cm? (at 750 nm). Typical sensitivity as a
function of wavelength is shown in Figure 5. Quantum effi-
ciency can be obtained by dividing the sensitivity by the area
of a sensor element (6.25 x 10-4 cm?2) and multiplying by the
energy per photon in eV. Peak quantum efficiency is about
80% at 650 nm. The dark cprrent of an S series device is
typically about 2 pA per diode at 25°C and is a strong func-

345 POTRERO AVENUE ~ SUNNYVALE, CALIFORNIA 94086-4197 (408) 738-4266-  FAX: (408) 738-6979
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S Series

/Q\ e

le—13 pm —o

25 pm ———}
T3
( - Sllicon Dioxide (:Hn-n
_$
\_P-Siilcon_/ 1.5 um
0.4 mm

N-Sllicon

Diode N Net

Posltion of Incident Light Spot

Response

Figure 3. Sensor Geometry and Apertixre Response
Function

tion of temperature as shown in Figure 6. The dark signal
charge is given by the dark current multiplied by the integra-
tion time.

Scanning Circuit

A simplified equivalent circuit of an RL1024S photodiode ar-
ray is shown in Figure 2. Each cell consists of a photodiode
and a dummy diode, both with an associated junction capaci-
tance. These diodes are connected through MOS multiplex
switches to video and dummy recharge lines. One pair of
recharge lines is common to all the odd elements and an-
other pair is common o all the even elements. The shift
registers are driven by multiphase clocks with periodic start
pulses being introduced to initiate each scan. The cell-to-cell
sampling rate is determined by the clock frequency.

The integration time is the interval between start pulses. The
output signal obtained from each scan of an N element array
is a train of N charge pulses, each proportional to the light
exposure on the corresponding photodiode. By properly
phasing the clock drives to the two shift registers, all of the
diodes can be sampled in proper sequence. The two video
lines can then be connected together to provide a continuous
train of output charge pulses. In addition to the signal
charge, switching transients are capacitively coupled into the
video lines by the multiplex switches. Similar transients are
introduced into the dummy lines and therefore can be re-
duced and a cleaner signal recovered by reading out the
video and dummy lines differentially.

Clock and Voltage Requirements

Scanning is by means of two independent integrated shift
registers, one to address the odd-numbered diodes, and the
other to address the even-numbered diodes. Each shift reg-
ister is driven by two-phase clocks. The clocks may be
complementary square waves, or they may have shorter
negative duty cycle. In no case should @1 and &2 be negative
simultaneously, as this will cause the scan to be terminated.

Saturation
12 Charge

Quartz
= Window

Fiber Optic
6 - Window

Signal Charge (pcoul)
=3
|

2 Saturation Exposure

L ! 1 L
0 10 20 30 40 50

Exposure {njoules/cm? )

D
o

Figure 4. Signal Charge Versus Exposure at 750 nm
Wavelength

The same pair of clocks and the same start pulse may be
applied to both registers, but this will result in diode pairs 1
and 2, 3 and 4, etc., being sampled simuitaneously. Figure 7
shows a simple two-phase clock drive circuit for this mode of
operation and its related timing diagram. Alternatively, four-
phase clocking may be used in which the two phases which
drive the even register are delayed with respect to the two
phases which drive the odd register. This results in all the
diodes being sampled in proper sequence. Four-phase
clocking is used in the Reticon RC1000/RC1001 board set
evaluation circuit (described below).

tn the specifications, all voltages are expressed with respect
to the substrate. However, for compatibility with TTL clocks
and ease of signal extraction, it is recommended that
the substrate be run at +5V. The clock phases should
then swing between +5 and =7V nominal. The start pulse
should overlap one positive going transition of @1 as shown in
Figure 7.

End of Scan

Output pulses, useful primarily for test purposes, are pro-
vided when the last odd and even elements are sampled by
the shift register scanning circuit. When not used, they
should be shorted externally to the array substrate to avoid
introduction of unwanted “glitches” into the video. The volt-
age excursion on the end-of-scan terminals (when used),
should be minimized by using a circuit sych as that shown in
Figure 8.

Amplifier Requirements

Two types of amplifier circuits are in common use with
Reticon photodiode arrays. These are (1) a simple current
amplifier, and (2) a video line integration, sample-and-hold
circuit. A current amplifier holds the video line at virtual
ground and senses the current pulses flowing into the video
fine to recharge the diodes through their respective multiplex
switches as they are sampled in sequence. These current

_
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pulses, which contain a charge up to 14 pcoul at saturation,
are converted by the amplifier to a train of voltage pulses
corresponding to the light intensity on the various diodes.

With a video line integration sample-and-hold circuit, the
video line is reset to ground prior to closing the multiplex
switch to each diode. When the switch is closed, charge
divides between the diode and the video line and the result-
ing change in video line voltage is sampled and held. The
video line and diode are then reset to ground prior to opening
the multiplex switch to the next diode. The result is a boxcar
output waveform.

Dark Signal and Noise

There are two components to the dark fixed pattern signal
from the S series arrays. These are due to (1) spatial varia-

Rise times and fall times are between 5 ns and 30 ns.

.Figure 7. Simpte Two-phase Clock Drive Circuit and Related Timing Diagram

tions in the switching transients coupled into the video line
through the clocks and the internal multiplex switches, and
(2) the integrated dark current. A portion of the switching
transient effect will be spatially random and a portion will
have the periodicity of the clocks. The latter portion can be
minimized by matching the clock amplitudes and rise and fall
times and by good circuit layout to minimize capacitance be-
tween clocks and video fines. The peak-to-peak fixed pattern
due to all switching transient effects should be less than 1%
of the saturated signal. The fixed pattern due to dark current
is the dark current multiplied by the integration time. 1t can be
arbitrarily reduced by lowering the temperature (see Figure 6)
or by reducing the integration time.

There are three identifiable sources of readout noise: (1)
reset noise, (2) shot noise, and (3) amplifier noise. Reset
noise or kTC noise is associated with resetting the diode

-
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EOS
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-0V Resistors are in Q.

Figure 8. End-of-Scan Clrcuit

Preamplifiers

+15V

—

capacitance 1o a fixed voltage. Its rms value is given
YKTC 1q where k is Bolizmann's constant, T is the absoly,

temperature, q is the electronic charge, and C is the 1oy
capacitance of the photodiode (approximately 2 pF), thy
video line it connects to, and the capacitance of the exte
circuitry. At room temperature, the KTC noige for the 10245
array is approximately 2000 electrons. it can be reduceq
somewhat by cooling. The rms dark current shot noise is the
square root of the number of electrons in the dark signy
charge. For example, with a room temperature dark curreny
of 5 pA and 10 msec integration time, the rms dark curren
shot noise is approximately 560 electrons. Because of thg
exponential témperature dependence of dark current, sho
noise can be reduced dramatically with a moderate amount of
cooling. Amplifier noise depends on the amplifier circuy
used. In general, the low video output capacitance of the §
series makes it easier to achieve low amplifier noise, ang
values below 2200 electrons are possible.

Evaluation Circuit

A complete evaluation circuit for the S series arrays is avail
able from Reticon. The RC1000/RC1001 evaluation boardset
provides the user an easy means to evaluate the operation of
the S series photodiode arrays.

The RC1000/1001 has a sample-and-held video output with a
typical dynamic range of-4000:1. Provision for cooling the
array using a thermo-electric cooler is provided by means of
an access hole located directly beneath the array.

The boardset requires +5 and +15V supplies and can be

Photodiods Array adjusted for pixe! rates up to 250 kHz.
Active Odd [-®
Active Even
Differential Integrator
+
a5V Buffer and Sample/Hold
DC Restore Output Stage
Video
. +15V Output
Dummy Odd j 153
+
Dummy Even S
fset
L L Adjust L
A~ A5V
-15V Integrate Sampling Clock

Figure 9. Simplitied RC1000/RC1001 Evaluation Board Output Circuit
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Table 1. Electrical Characteristics (25°C)

figure 10. Timing Diagram of RC1000/RC1001 Evaluation Board

Table 2. Electro-Optical Characteristics (25°C)

1

Measured with respect to substrate. Substrate is normally
run at +5V for compatibility with TTL clock circuits.
2 The AC power is given by 2C¢V2fs where Cg is the

capacitance of each clock line, V is the clock voltage,

and fg is the scan frequency.

3 Calculated typicals - not measured.

Min | Typ | Max | Units Typ Max Units
Video line bias 1 -4 -5 6|V Center-to-center spacing 25 um
Clock amplitude 1 11| -12 15| V Aperture width 25 mm
Start pulse amplitude 1 -11 | -12 15| V Sensitivity 1.3.6 28x104 couljoulrem2
Substrate bias +4.5 +5 +65 | vDC Nonuniformity of 5{ 10 [1%
Total effective pixel 5| MHz response 2.6
output rate Saturation exposure 1.3.6 50 njoules/cm?
Clock frequency 1.256 | MHz Saturation charge 14 pcout
Capacitance of each Average dark current 5.6 2| 5 |pamp
clock line (@ 5V bias) 3 Quantum efficiency 1.3 75 %
RLO128S 8 pF Spectral response peak 3 750 nm
RLO256S 23 pF Spectral response 200-1000 nm
RLO512S 30 pF range.3.4
RL1024S 60 pF -
Capacitance of each Notes:
video line (@ 5V bias) 3 1 Peak, typical at 750 nm, quartz window.
RLO128S 3 pF 2 Measured at 50% Vgg with 2870°K incandescent
RLO256S 9 pF tungsten lamp filtered with a Fish Schurman HA-11
RLO512S 12 pF heat-absorbing filter.
RL1024S 24 pF 3 Fiber optic faceplate will modify sensitivity as shown in
Capacitance‘of each 2 pF Figure 5.
photodiode (@ SV 4 From 250-1000 nm sensitvity 220% of its peak value.
bias) 3 5 Max dark leakage <1.5 x average dark leakage.
End of scan output 5 KQ Measured at 40 milliseconds integration at 25°C.
resistance 3 6 Al specifications ignore first two and last two diodes.
DC power dissipation 2 -1 mwatt
Notes:

A
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S Series

Absolute Maximum Ratings

Ordering Information

Min | Max | Units Part Number Evaluation Circuit ]
Voltage applied to any terminal ol -2} Vv Quartz Window T
with respect to common RLO128SAQ-011 RC1000LNN-011/RC1001LNN.g11
Storage or operating temperature RLO256SAQ-011 RC1000LNN-011/RC1001 LNN.m1
Quartz windowed (SAQ) 78 | +85 | °C RLO5128AQ-011 RC1000LNN-011/RC1001 LNN_Q‘:
Fiber optic (SAF) 40 | +85 | °C RL1024SAQ-011 RC1000LNN-011/RC1001LNN.014
Fiber Optic Window T
* | RLO128SAF-011 RC1000LNN-011/RC1001LNN-014
RLO256SAF-011 RC1000LNN-011/RC1001LNN-014
RLO512SAF-011 RC1000LNN-011/RC1001LNN-014
RL1024SAF-011 RC1000LNN-011/RC1001LNN-014
R
Custom medifications to the S series devices are also possibi
i.6., minimum thickness (1 um) protective oxide fayer for use
soft x-ray detection. .
A B
RLO128S | 1.080+£.011 | 3.2mm
RL0256S | 1.080+£.011 | 6.4 mm
RLO512S | 1.080+.011 | 12.8 mm
RL1024S | 1.600+.016 | 25.6 mm
Quartz Window
a Jje 0202 002
3904010 i i
B s Bs Vs
Zewn 4 | - 046£.01
§ 125 P
B W
400
R‘el
LLIDT

.. Optional Fiber Optic Window

Figure 11. Package Dimensions. Dimensions are in Inches
Except Where Millimeters (mm) are Indicated.
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2N4391
2N4392
2N4393 '

CASE 22-03, STYLE 4
TO-18 (TO-206AA)

r MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Voltage Vps 40 Vdc
Drain-Gate Voltage e 40 Vdc
Gate-Source Voltage Vs 40 Vde
Forward Gate Currerit IGF 50 mAdec !
SWI!I‘FCEIIIN G To‘;al Device Dissipation @ Tc = 25°C Po 1.8 Watisﬁ—-'
‘ erate above 25°C 10 - mW/C
N-CHANNEL — DEPLETION Operating Junction Temperature Range Ty | -65 to +175 °C
Storage Temperature Range Tstg -65to +175 °C

Refer to MPF4391 for graphs.
"ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.)

. Characteristic Symbol Min . Max I Unit
OFF CHARACTERISTICS
Gate-Source Breakdown Voltage V(BR)GSS 40 — Vde
(g = 1.0 pAdc, Vps = 0)
Gate Reverse Current Igss nAdc
{VGs = 20 Vdc, Vpg = 0) i = 0.1
{(VGs = 20 Vdc, Vpg = 0, T4 = 150°C) — 0.2 pAdc
Gate Source Voltage Vags Vdc
(Vbs = 20 Vdc, Ip = 1.0 nAdc) 2N4391 4.0 10
2N4392 2.0 5.0
2N4393 0.5 3.0
Gate-Source Forward Voltage VGsif - 1.0 vde
G = 1.0 mAde, Vpg = 0)
drain-Cutoff Current ID{off) nAdc
(Vpg = 20 Vdc, Vg = 12 Vdc) 2N4391 — 0.1
{Vps = 20 Vdc, Vgs = 7.0 Vde) 2N4392 - 0.1
{VDs = 20 Vdc, Vgg = 5.0 Vdc) 2N4393 — 0.1
{Vps = 20 Vdc, Vgs = 12 Vdc, Tp = 150°C) 2N4391 — 0.2 uAdc
"(Vps = 20 Vdc, Vgg = 7.0 Vde, Tp = 150°C) 2N4392 - 0.2 i
(VDS = 20 Vde, Vs = 5.0 Vdc, TA = 150°C) 2N4393 - 0.2 j
ON CHARACTERISTICS
Zgro-Gate-Voltage Drain Current(1.) Ipss mAdc
(Vps = 20 Vde, Vgg = 0) 2N43s1 50 150
2N4392 25 75
2N4393 5.0 30
Drain-Source On-Voltage VDS(on) Vde
(lp = 12 mAde, Vgs = 0) 2N4391 — 0.4
{Ip = 6.0 mAdc, Vgg = 0} 2N4392 - 0.4
{(Ilp = 3.0 mAdc, Vgg = 0) 2N4393 — 0.4
St:atic Drain-Source On Resistance DS{on) Ohms
{lp = 1.0 mAde, Vgs = 0} 2N4391 — 30
2N4392 —_— 60
2N4393 — 100
SMALL-SIGNAL CHARACTERISTICS .
| Drain-Source “ON’" Resistance { fdslon) Ohms
(VGs = 0,Ip = 0, f = 1.0 kHz) 20N4391 — 30
2N4392 — 60
2N4333 — 100
MOTOROLA SEMICONDUCTORS SMALL-SIGNAL DEVICES
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2N4391, 2N4392, 2N4393

*ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.)

Characteristic Symbol Min Max Unit
Input Capacitance Ciss —_ 14 pF
(vbs = 20 vdc, vgs = 0, f = 1.0 MHz)
Reverse Transfer Capacitance Crss pF
(Vps = 0, VGs = 12 Vdc, f = 1.0 MHz) 2N4391 - 3.5
{Vps = 0. VGs = 7.0 Vdc, f = 1.0 MHz) 2N4392 - 35
(Vps = 0, VGs = 5.0 Vdc, f = 1.0 MHz) : 2N4333 ' — 3.5
SWITCHING CHARACTERISTICS
Rise Time t ns
(ipfon) = 12 mAdc) 2N4391 - 5.0
{Ip(on) = 6.0 mAdc) 2N4392 — 5.0
{Ip{on) = 3.0 mAdc) 2N4393 —_ 5.0
Fall Time i s
(VGSl{off) = 12 Vdc) 2N4391 — 15
(VGS(off) = 7.0 Vdc) 2N4392 — 20
(VGS{off) = 5.0 Vdc) ' 2N4393 — 30
Turn-On Time : ton s
{Id(on) = 12 mAdc) 2N4391 — 15
{p{on) = 6.0 mAdc) 2N4392 — | 15
{Ip{on) = 3.0 mAdc) 2N4393 - 15
Turn-Off Time toff ns
(VGS(off) = 12 Vdc) 2N4391 —. 20
(VGS(off) = 7.0 Vdc) 2N4392 = 5
(VGs(off) = 5.0 Vdc) 2N4393 L N 50

(1) Pulse Test: Puise Width < 100 us, Duty Cycle < 1.0%.
*In addition to JEDEC Registered Data.

\
M .
ALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTORS
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yNational Semiconductor

DS0026 5 MHz Two Phase MOS Clock Driver

February 1995

General Description

D80026 is a low cost monolithic high speed two phase MOS
clock driver and interface circuit Uniqua circuit design pro-
vides both very high speed operation and the ability to drive
large capacitive loads. The device accepts standard TTL
outputs and converts them to MOS fogic levels. The device
may be driven from standard 54/74 series and 545/74S
series gates and flip-flops or from drivers such as the
D88830 or DM7440. The DS0026 is intended for applica-
tions in which the output pulse width is logically controlled;
i.e., the output pulse width is equal 1o the input pulss width.
The DS0026 is designed to fultill a wide variety of MOS
interface requirements. As & MOS clock driver for long sili-
con-gate shift registers, a single device can drive over 10k
bits at 5 MHz. Six devices provide input address and pre-
charge drive for a 8k by 16-bit 1103 RAM memory system.
Information on the correct usage of the DS0026 in these as
well as other systems is included in the application note
AN-76,

Features '

= Fast rise and fall imes—20 ns 1000 pF load

& High output swing—20V

® High output current drive—+ 1.5 amps

m TTL compatible inputs

m High rep rate—5 to 10 MHz depending on power dissi-
pation

= Low power consumption in MOS “0” state—2 mW

W Drives to 0.4V of GND for RAM address drive

Connection Diagrams (rop views)

Dual-In-Line Package

T ooTA v' ourk
3 lv Il 'I

)
Il TL/F/5863-3
L1 A v ing Order Numbef
TU/F/5863-2
Order Number DS0026C.J-8, DS0026G or DS0026CG
DS0026CL or DS0026CN S;e NS Package
See NS Package Number lumber G128
JOBA or NOSE
Dual-In-Line Package
v L3 wE x -1} "t L3
e _Ju Ju v fe | b
' FT T T
k. ] N DUTA N ma [
TUF/5883-4
Order Number
¥ DS0026J or DS0026CY
. See NS Package
t Number J14A

©1995 Nationa! Semiconductor Corporaton’  TL/F/5653
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Absolute Maximum Ratings mote 1)

. R o
Maximum Power Dissipation* at 25°C 25°C: dorte metat can (TO-5) package

it Military/Aerospace specified devices are required, EIAJ SO Package 800 mW

please contact the National Semiconductor Sales Operating Temperature Range

Office/Distributors for availability and specifications. DS0026 —55°C 1o +125°C

Vi — V- Differential Voltage 22v DS0026C 0°Cto +70°C
4 Input Current 100 mA Storage Temperature Range —65°Cto +150°C
§ Input Voltage (Viy — V) 5.5V Lead Temperature (Soldeting, 10 sec.) 300°C

Peak Output Current 1.5A * Derate 8-pin cavity packaga 7.7 mW/°C above 25°C; darats 14-pin cavity

package 9.3 mW/°C above 25°C;: derate molded package 8.4 mw/°C

4.4 mW/*C above 25°C;

+70°C for the DS0026C.

Note 3: All curents Into device pins shown as positiva, out of device ping as negative, ail voltages referenced to ground unlass otherwise
a3 max of min on absokite value basis.

Note 4: All typical values for T = 25°C.
Note B: Rise and fall time are given for MOS logic lavels; 1.e., risa time is transition from logic 0" to logic “1" which is voltage fail

T , it can subtract from the g resp

E g:::g :::z::g: E?ig&) :g :w derate EIAJ SO package 5.5 mW/"C above 25°C,

R Molded Package 1040 mW

"_Electrical Characteristics motes 2ana3)

* Symbol | Parameter Conditions Min Typ Max | Units
Vi Logic “1" Input Voltage | V— = oV 2 1.5 \'4
ligg Logic “1” Input Curent | Viy— V— = 2.4V - 10 15 mA

v Logic “0” Input Voltage | V— = oV ' 06 0.4 v

N Logic “0" Input Current | Viy — V= = OV -3 -10 | pA

VoL Logic “1" Output Voltage | Viy — V= = 2.4V, Io,_ = 1 mA V=407 [ V-4+10] v
Vou Logic “0" Output Voltage | Viy — V= = 0.4V, Vsg = V+ + 1.0V =101 v+ N3 v

lon = — 1mA
lcciony | “ON” ?upply Current VHt —~ V= =20V, Vpy — V— = 2.4V 30 40 mA
(one side on)
' leciorr | “OFF" Supply Current V+ — V- =20V, 70°C 10 100 nA
. Vin— V= =0V 125°C 10 500 | pA
Switching Characteristics (r, ~ 25:) (Notes 5 and 6)
Symbol Parameter Conditions Min Typ Max Units
ton Turn-On Delay (Figure 1) 5 7.5 12 ns
(Figure 2) 11 ns
torr Turn-Off Delay (Figure 1) 12 15 ns
(Figure 2) 13 ns
A Rise Time (Figure 1), Cp = 500 pF 15 18 ns
(Note 5) G = 1000 pF 20 35 ns
(Figure 2), Cp = 500 pF 30 40 ns
(Note 5) CL = 1000 pF ) 50 ns
1 Fall Time (Figure 1), Cy, = 500 pF 12 16 ns
(Note 5) Cy_ = 1000 pF 17 25 ns
(Figure 2), Gy = 500 pF 28 35 ns
' (Note 5) Ci = 1000 pF 31 40 ns
Note 1; “Absalute Maximum Ratings” are those values bayond which the safety of the device cannot be guaranteed. Excopt for “Operating Temperature Range”
operation.
Note 2: Thess specifications apply for V¥ —~ V= = 10V to 20V, C|_ = 1000 PF. over the tempaereture range of —55°C to +125'C for the DS0026, and 0°C to

noted. All values gshown

Note 6: The Ngh current transient (as high a3 1.5A) through the resistance of the intarnal interconnecting V- lead during the ottput transition from the high state to
the low state can sppear as negative feadbeck to the input. If the extemal interconnecting lead from the driving creutt to V- Is electrically long, or has significant dc




Typical Vgg Connection
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Typical Performance Characteristics
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Schematic Diagram
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Typical Applications
AC Coupiled MOS Clock Driver
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DC Coupled RAM Memory Address or Precharge
Driver (Positive Supply Only)
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TL/F/6853-17
Application Hints
DRIVING THE MM5262 WITH THE
DS0026 CLOCK DRIVER

The clock signals for the MM5262 have three requirements
which have the potential of generating problems for the
user. These requirements, high speed, large voltage swing
and large capacitive loads, combine to provide ample op-
portunity for inductive ringing on clock lines, coupling clock
signals 1o other clocks and/or inputs and outputs and gen-
eraling noise on the power supplies. All of these problems
have the potential of causing the memory system to mal-
function. Recognizing the source and potential of these
problems early in the design of a memory system is the
most critical step. The object here is to point out the source
of these problems and give a quantitative fee! for their mag-
nitude.

Line ringing comes from the fact that at a high enough fre-
quency any line must be considered as a transmission line
with distributed inductance and capacitance. To see how
much ringing can be tolerated we must examine the clock
voltage specification. Figure 3 shows the clock specifica-
tion, in diagram form, with idealized ringing sketched in. The

finging of the clock about the Vgg level is particularly critical.
If the Vsg — 1 Vou is not maintained, at a// times, the infor-
mation stored in the memory could be altered. Referring to
Figure 1, If the threshold voltage of a transistor were — 1.3V,
the clock going to Vgg — 1 would mean that all the devices,
whose gates are tied to that clock, would be only 300 mV
from turning on. The intemal circuitry needs this noise mar-
gin and from the functional description of the RAM it is easy
10 see that turning a clock on at the wrong time can have
disastrous results.

Veg +1
Vu'—"——'-j ’ \ -
Vg1
X 4
“Vroan

Voo +1
1} J
Voo —\/ Vv -
Vop -1 v/\
“Vr s = Hinimom teeshiold veluags,

TL/F/5853~18
FIGURE 3. Clock Waveform
Controlling the clock ringing is particutarly difficult because
of the relative magnitude of the allowable ringing, compared
to magnitude of the transition. In this case it is 1V out of 20V
or only 5%. Ringing can be controlled by damping the clock
driver and minimizing the line inductance.

Damping the clock driver by placing a resistance in series
with its output is effective, but there Is a imit since it also
slows down the rise and fall time of the clock signal. Be-
cause the typical clock driver can be much faster than the
worst case driver, the damping resistor serves the useful
function of limiting the minimum rise and fall time. This is
very important because the faster the rise and fafl times, the
worse the ringing problem becomes. The size of the damp-
ing resistor varies because it is dependent on the details of
the actual application. It must be determined empirically. In
practice a resistance of 10 to 200 is usually optimum.

Limiting the inductance of the clock lines can be accom-
plished by minimizing their length and by laying out the lines
such that the return current is closely coupled 1o the clock
lines. When minimizing the length of clock fines it is impor-
tant to minimize the distance from the clock driver output to
the furthest point being driven. Because of this, memory
boards are usually designed with clock drivers in the center
of the memory array, rather than on one side, reducing the
maximum distance by a factor of 2.

Using multilayer printed circuit boards with clock lines sand-
wiched between the Vpp and Vgg power plains minimizes
the inductance of the clock lines. 1t also serves the function
of preventing the clocks from coupling noise into input and
output lines. Unfortunately multilayer printed circuit boards
are more expensive than two sided boards. The user must
make the decision as to the necessity of multilayer boards.
Suffice it 1o say here, that reliable memory boards can be
designed using two sided printed circuit boards.




Application Hints (continued)

5V
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FIGURE 4. Clock Waveforms (Voltage and Current)

Because of the amount of current that the clock driver must
supply to its capacitive load, the distribution of power to the
clock driver must be considered. Figure 4 gives the ideal-
ized voltage and current waveforms for a clock driver driving
8 1000 pF capacitor with 20 ns rise and fall time.

As can be seen the current is significant. This current flows
in the Vpp and Vg power fines. Any significant inductance
in the lines will produce large voltage transients on the pow-
er supplies. A bypass capacitor, as close as possible 1o the
clock driver, is helpful in minimizing this problem. This by-
pass is most effective when connected between the Vss
and Vpp supplies. The size of the bypass capacitor de-
pends on the amount of capacitance being driven. Using a
fow inductance capacitor, such as a ceramic or siiver mica,
is most effective. Another helpful technique is 10 run the
Vop and Vss lines, to the clock driver, adjacent 10 each
other. This tends 10 reduce the lines inductance and there-
fore the magnituds of the voitage transients.

While discussing the clock driver, it should be pointed out
that the DS0026 is a relatively low input impedance device.
It is possible to couple current noise into the input without
seeing a significant voltage. Since the noise is difficult 1o
delect with an oscilloscope it is often overlooked.

Lastly, the clock lines must be considered as noise genera-
tors. Figure 5 shows a clock coupled through a parasitic
coupling capacitor, Cg, 10 eight data input lines being driven
by a 7404. A parasitic lumped line inductance, L, Is also
shown. Let us assume, for the sake of argument, that Ccis
1 pF and that the rise fime of the.clock is high enough to
completely isolate the clock transient from the 7404 be-
cause of the inductance, L.

Vgs
“TUF/5853-20
FIGURE 5. Clock Coupling

With a clock transition of 20V the magnitude of the voltags
generated across C_is:

e (k)
= V = V X = .35V
y=2 XCL+CG - 56 +1 3

This has been a hypothetical example 10 emphasize that
with 20V low rige/fall time transitions, parasitic elements
can not be neglected. In this example, 1 pF of parasitic
capacitance could cause system malfunction, because a
7404 without a pull up resistor has typically only 0.3V of
noise margin in the “1" state at 25°C. Of course it is stretch-
ing things to assume that the inductance, L, completely iso-
lates the clock transient from the 7404. However, it doss
point out the need to minimize inductance in input/output as
well as clock lines.

The output is current, so it is more meaningful 10 examine
the current that is coupled through a 1 pF parasitic capaci-
tance. The current would be:

AV 1 x10-12x 20
At 20 X 10-9

This exceeds the total output current swing so it is obviously
significant,

Clock coupling to inputs and outputs can be minimized by
using multilayer printed circuit boards, as mentioned previ-
ously, physically isolating clock lines and/or running clock
lines at right angles to input/output fines. All of these tech-
niques tend 1o minimize parasitic coupling capacitance from
the clocks to the signals in question.

In considering clock coupling it is also important to have a
detailed knowledge of the functional characteristics of the
device being used. As an example, for the MMS5262, cou-
pling noise from the $2 clock to the address lines is of no
particular consequence. On the other hand the address in-
puts will be sensitive to noise coupled from $1 clock.

| =Cg X = 1mA
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Physical Dimensions inches (milimeters)
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DS0026 5 MHz Two Phase MOS Clock Driver

Physical Dimensions inches (millimeters) (Continued)
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LIFE SUPPORT POLICY
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DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are davices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
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2.

beé reasonably expected

A critical component is any component of a life
support device or system whose fallure to perform can

to cause the faiture of the fife

support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectivaness.

be reasonably expected fo result in a significant injury

10 the user.
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Physical Dimensions inches (miimeters) (Continued)
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