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1-1

2-1

2-3
2-4

3-1
3-2
3-3

4-1
4-2
4-3
4-4

5-1
5-2
5-3






(1-1)
(1-2)
(1-3)
(1-4)
(1-5)
(2-1)
(2-2)
(2-3)
(2-4)
(2-5)
(2-6)
(2-7)
(2-8)
(2-9)
(2-10)
(2-11)
(2-12)
(2-13)
(2-14)
(2-15)
(2-16)
(3-1)
(3-2)
(3-3)
(39
(3-5)

dw



(36) 46

(3-7) BOMV e, 48
(3-8) 200MV s e, 48
(3-9) IV 49
(3-10) IN 49
1) 8mv e, 50
(3-12) 180mV e, 50
(3-13) 500mV e, 51
G122V e, 51
(315) e, 52
(A1) 53
(B-2) 55
(A-3) 57
(B-8) e 58
(A5) 60
(A-8) 61
(4-7) TAF244 e e, 63
(5-1) e 66
(52) 67
(5-3) FLEX1I0K100ARC240-1 ) .69
(5-4) FLEXI0K100ARC240-1 e 69
(5-5) 71
(5-6) e e, 72
(5-7) 73
(5-8) 74
(5-9) ettt T
(5-10) e e e T T



(5-11)
(5-12)
(5-13)
(5-14)
(5-15)
(5-16)
(5-17)
(5-18)
(5-19)
(6-1)
(6-2)
(6-3)
(6-4)
(6-5)
(6-6)
(6-7)
(6-8)
(6-9)
(6-10)
(6-11)
(6-12)
(6-13)
(6-14)
(6-15)



(2-1)
(2-2)

Vi



[1]

Theles (640-546 B.C.)

[2]

( 720 220 )

[3]

[4] -~

3]
[4]



X -
I\ B F l
l | :
_________ R O, Sy cC E G !
! — d; — | |
e Y > d, »!
(1-1) ( )
" [4]
...... [5]
(1-1)
A AB C
B P AC E
EF G G F P
AC d, AE d, AG d, h
X Y
:$+h (1_1)
d,- d,- d,
S T (1-2)
d,-d,- d,
A. H. L. Fizeau (1819-1896) 1849
[6-7]

(RADAR, RAdio Detection And Ranging)

2



1950
8]

1960 [9] 1961
[10]
[11-13] [14-16]
[17-20]
[21-22]
[16,23] [24-26] [27-28]
[29] [30]
(LADAR) LAser Detection And Ranging

LIDAR (LIght Detection And Ranging) Optical radar [31]

(time-of-flight)
[14-20] ( )
[31,32]
( 10.6em CO,
28000GHz 100MHz 3mm)

(aerosol)



(dead time)

(timing point)

1-1

(1-2)

(photo-detector)

(1-2)



(1-3)

fAM I AM R(
2R ) F
At) B(t) R 1-3) (14 (15
A(t) =9n(2p fan) (1-3)
B(t) = Sn(2p fau +F ) (1-4)
Byl L i
ZR_ 2p|AM AM 2p|AM (15)
m J 2p

(1-3)

(1-5) R
(1-5)
J (1-6)

drR= Iﬂ di (1-6)



(2p)
faw  S00MHz ( | v 1m)

(1-6) 0.12mm[33]

(ambiguity)
| aw (1-3)

) (1-6)

(1-4)

-] sa---

[6,34]



1-2

(1-5)
(trigger)
T (1-7)
R
T g
2R= . (1-7)
C,=2.99792458 10° m/s [35] n, »1.00028
[6,34] [36-37]
P B
: ' | i
<« < (\ A
x -V ;
. i
N N S »ﬁ
A
(1-5)



6cm

10

10°

10
[40-41]
40 psec
15cm)
[42-44]
20 nsec

[38]

[39]

916 psec

[49]

400 psec (

1 nsec(

0.31%



2-1

(2-1)
R (2-1)(3)
b
2, 20, (2-1)(3)
P
Te S

Py

P,=P,  T. e<= (2-1)
(2-1)(&) R
Ty )

(2-)(@)
(2-1) P,



(2-)(a E F

2Db) (2D (2-1)(@
PQ
( ) MN
( ) q
q % O

10



1° 0.0175 ) MN 2d » 2Rq
MN PQ

(PQ) (cos’b - sin*b ™ tan?g) = (MN) " cosb (2-2)

q tang »q

b 45° cosb > snb cos’h >> sn’b © tan’g
(2-2)
(PQ) " cosb » (MN) (2-3)
( ) Ae
( ) A (2-3)

A cosb » A (2-4)

Py (2-1)(a)

( (2-1)(3)
)
I:)TA
(2-1)(&)
(2-2)(a)
Aep
Py

pab a b

R
Rg,  Ra, (g,

1



ds )
Acr=pRg,0,
A
Ar Ay (2-1)(b)
A;” cosb » Ay
A Pra
_p - A _PRTgAcosb,
P,=P = e
BT Ae p R,
(solid angle)W
(2-8) (2-9)
W, =% =p g9,
_ Ay _ A cosb
WT - R21 - RZ

Aep

(2-5)

A< Age
(2-4)

An

22 (23

(2-6)

sR

(2-7)

(2-9)

(2-9)




CW L
Pra =R T W—TE e R (2-10)
[31]
(2-7) (2-10) P
P(x,y)
Pxy)=P," Pxy) 21
-sR -sR
- P _ PLTEze _ PLT,; e (212
AEP p R q pqs R WE
+é°(x, y) dA = Agp = RV (2-13)
-¥
IDTA
Pa= P(xy) dA= PR, ¢P(xy) dA (2-14)
Ay A
dA A
(2-7) (2-14)
P(xy) 1 (2-14) P,
A (2-6) (2-7)
P(x.y)
(Gaussian) (2-2)(b) (2-1)(a)
A é 20
P(x,y)= : 3 ' ops A2 20 (15
s@ H 8 Rq, 7] H

13



e P

v ¥+ @ ae 5 u é 2 y U
Pr = 0 oP(x,y)dxdy = 2F, ooexpé- T Uexp& g—: Udxdy
-¥ ¥ g <o H 8 g
R
=_le - gor D 95l _ RTe e=f (2-16)
p R Q, 2
(2-6) (2-12) (2-15) (2-14) P,
é e c')zl\;l e ..20
P =2 Ee R ool Zéii Gepd 262 (dxdy
R“W¢ Ary g Rd, & H 8 RO, g H
R*W,
Ar,
S,
5 20 .
2 g ® y @ u e ae 0 ZU
apvS A tepe S hay= - Plxyka (219
Arxosh o€ 50 e RIL5g o

(beam profile function)” [30,31] ‘
(geometric-form factor)” [46-47]

S [31,46-48]

14



0.5Rg,  0.5Rq, Ar =

0.25R*qgQ, A, 0.08
(2-3)(a) (2-18)
025Rd, 025R1, € g0, FU & 452 U
=2 5 ppe £ Ylepe X Ly (219
0.25R Qdp, -0.25Rg, - 0.25Rq, 8 Ra, %) H g Rds g 5|
X Y X y (2-19
32 0.25Rq e 2 X ('jzu 0.25R, ? e y Ozljl
S = O expé 26—z lx ~  exps 2 = Wy 2-20
TRga, O T8 TRusy o g SR, U 2
(2-20) (error function) [49]
ef(z)= ic‘p(p( tz)dt (2-21)
P o
(2-22) [49]
2 22 2 7 0
afl()y 28 Z 2 Z . Q 222
()»Jaé '3 25 37 5 =2
(2-20)
2
s =4plerf (0.25/2) (2-23)
(2-22) erf (0.25¢2) » 0.3829 S » 1.84
(2-17) (2-7)
(2-3)(a)

184

15



] N 0.5 ] N
/- N\ 0.25 /- N,
0
\\\ /// _O' 25 \\\ ///
N [ 05 N [
05 -025 0 025 05 05 -025 0 025 05
@ (b)
(2-3)
(2-15)
(2-3)(b)
S (2-19)
075Rd, 075Rd, € o\, U 6 520
S=— 2 ¢ (ppt A leve s wty (229
0.25R“0y, 0.25Rq, 0.25Rq 8 RA, & H e RJs o H
(2-24)
2
s, =plerf (0.7542)- ef (0.25/2) (2-25)
(2-20) erf (0.7542) 0.86 (2-25)
S » 071 S »1.84
0.25
38.6 %

16



(2-19)

S
(specular reflection) (diffuse reflection)[50]
[51-54]
[55] 60°
(Lambertian reflecting surface)”
(Lambert’ s law)” [56]
L (radiance
sterance)
[50,55]
(radiant intengity)
b [56]
| =1," cosb (2-26)
l, b
( ) cosb b

(2-4) b

17



[57-58] L

dA; b dw
d°F
d’F =L dA cosb dw (2-27)
b L
I
. dF _
| = A(T) Y L A cosb (2-28)
l, LA r
F =Pg Per=r " P
(2-28)

18



Per =1 " Ba=0L A cosb dwW

2pp
= 00L Arcosb snbdbd =p LA (2-29)
00
dw (2-5)
AL =dgnb db d (2-30)

(2-5) dw
Ao (2-6)
S
a A A,
A
(narrow band filter) F A R

b W,
R ( )

19



d
Aq= Aq coxd
__R
cosd
cos®d
Wg = A?zl . 2
R R
(2-29)
L=t " Pra
P A
(fied of view)
Tr
[58] Py

P, = LA cos(b +d W,T.T, &SR

r PaTgT; Agcos(b +d)cos®d . .
= e
p R?

20

(2-31)

(2-32)

(2-33)

(2-34)

(2-35)



R a
R, »R cosd»1 cos(b+d )»cosb (2-35)
p. = r PaTrT; ?R cosb | o SR
p R
(2-6)
(2-34)
Pa (2-17) (2-18)
.= r PTcTRT; ArAgcos’ b | e>R g
p R'W,
(2-34) (2-35) (2-36)
P, Px
PR — r PLTETRTfZAR COSb - e 2sR
p R
optics)
(2-7)(b)

21

A

(2-36)

(2-36)

(2-35)  (2-36)

(2-37)

P (2-1)

(2-39)

(first order

Ar



@

(b)

(2-7)(@)

(2-14)

I:)LTE'A*I'Z e_SR ,

(2-7)
A
Ar, » Ay COSD
(2-36)
P (2:14)
ATZ PTB
PT. e°R
= Px,y) dA
B RZWE oP ( Y)
S
Sy =1 oP(xy) dA
Ao,
. r Pg I Pgcosb

A

(2-39)

(2-40)

(2-41)

(2-42)



P, =L Ay cosb Wy e}

1 P TETRT A A cos’b e =R

p R4WE

(243)  (2-37) Pr

An
Ay An (Ax)
(2-43)
equation)[31] (2-43) (2-38)
Pr
Px R
2-2
(pre-amplifier)
( Pey)

(Pg)

23

2-41)  (2-18)

(2-43)
(2-38)

(2-43)

S

(range

(2-8)



(Pgs) [59]
(2-6) F
(
)
(2-8)
(Pes)
(isotropic
scattering)
P, (2-44) [59]
P, =H, B, AT T,W. Er oosb ep(- sR) 1 ﬂ (2-44)
& p ap
H, (solar irradiance) " eom By
A, Ta T
W r S

24



R (2-44)

(Pey)
(2-26)
P 2p
(Pe2)
4p
(avalanche photodiode APD)
(2-9)(a)
(reach through) [60]
LU C A R N R
> - ‘ -/
P
n
@ (b)
(2-9)

25



(2-

9)(b)
M
Ps  ( Pr Pg )
lr
lo= M Ry(l ) Pq (2-45)
R (l) (intrinsic responsivity)
(2-9) M 1
(quantum efficiency)h
Ro(l )= (2-46)
h (PlancK s constant = 6.626176° 103 Wat-sec?) n
q (16° 10* )
(dark current)
(surface leakage current) I (bulk leakage current)
los
o
Ip = lps+M " Ipg (2-47)

(shot noise) g,

26



g = [ZCI(| ps T (I pg t Ro(I )PS)M ZF)B]%

(mean square)

7~
<
~~—"
N

amplifier)

F

M2

(root mean square)

[61]

(2-10)(@

(2-48)

(excess noise factor)

M 2

(2-49)

(transimpedance

Rl C1>> Rin C1

d

Ith

Cin

27




fi R G (2-50)
1
f = (2-50)
" 2p RC,
(2-10)(b)
Cin Rin
ina C:A Ish
ls lr lg o
R, lin
('j)é
N :3@';:'3; (2-51)
1 9
k (Boltzmann' sconstant = 1.38 © 102 W-sec K1) T
B
R P ™S (2-52)
(2-10)(b) fu g
(risetime) t, f, [62] (2-53)
f, = 1 3 %
" 2p R(Ca+C,) (2-33)
R.=R /IR :ﬂ _
P Rl Rm R1 + Rn (2 54)
I fy f.
Df=f,- f, f,

28



B

frequency curve)

[63]
L ()
B=—¢5(f) df
GoO
G(f)
£, f
f2
G(f )= H
() T
G,=1
St
tr
S\|R/:_

AR,

(2-56)

(2-55)

(sgnad to noise ratio)

(2-57) [64-65]

29

(power gan versus

(2-55)

(2-10)(b)

(2-56)

B=157f,

(2-57)



2-3 —

(transmission window) (2-1) (2-11)
[66]
(transmittance)
t =exp(-s X) (2-58)

t X S (extinction
coefficient) (absorption)
(scattering)

s=a+g (2-59)
a (absorption coefficient) g (scattering
coefficient)
(2-12) [67]
(2-1) [66]
| 0.72- 0.94 mm V 1.90- 2.70 nm
I 0.94- 1.13mm VI 2.70- 4.30 MM
I 1.13- 1.38mm VI 4.30 - 6.00 nm
v 1.38- 1.90 m VIl 6.00 - 15.0 nm




(2-12)

A 1000 ft. 3/20/56 3P.M. 37°F 62% 1.1mm 22 miles
B 3.4miles 3/20/56 10P.M. 34.5°F 47% 137 mm 16 miles
C 101 miles | 3/21/56 12AM. 40.5°F 48% 52 mm 24 miles
100 | 1! f‘ﬁl !W T —
r A
80} o
I Ak = 0.003u
60—
40—
(%) .1
G I v i
(1] 1 | | | | | | | | \
05 06 07 08 08 10 11 12 13 14 15 16 17 18
(mm)
(2-12) [66]
025 —
SOLAR IRRADIANCE OUTSIDE ATMOSPHERE
SOLAR IRRADIANGE AT SEA LEVEL
020 {—
015 —
W
2
cm~nm
A ] o
005 —
I \ Shas - T

|
0
0 02 04 06 08 1 12 14
(mm)

(2-12)

31

16 18 2 22 24 26 28 3 132

[67]




(relative humidity)

(absolute humidity) gn?

(precipitable water)

(mm)
[68] g n?
1m 1 10cn? lgom® 1
10cn? 1mm (2-13)
[68] 1mm 1mm
1 mm:-knr?t 1
0.5 mm-knr?t 2
(2-60)

t,=- k" logw +t, (2-60)
w ty w W 0.26mm
t,=100% k t, 0.70 ~ 0.92mm c=15.1 t,

= 106.3 [69]

32



o / ‘vf/(/f/,//, = 1L
(/)m /////////:/ : *! :_Hg
0} //\r \'\\ . :5 :_mg
W= 1 DN IR
o Jllsj_l_rlmlllilm :Htu\:\ﬁlJijl _, i
(g cm?®) N -
@13 M o b
(68] N e
[69] (aerosol)
(visibility)
(contrast)
2%
[66]
550nm
2
61) g



28.91¢68.550 (2:61)

\Y I mm q
\Y; 6 g = 058V*"* \Y; 6 q =13
20 g=1.6 [66]
2-4
1962 [70]
905nm (InGaAys)
(2-14)
[67]
EG&G PGEW?2S09
20 EG&G
C30724
(2-2)

1.0

% RN .
0.4 0.6 1 2 4 6 10 20 ap Aopm

(2-14) [67]



(2-2)

4cm 4cm
8cm 8cm
0.95 0.95
30 nm 7cm
905 nm 0.7
P, 20W t 10 nsec
(2-2)
F  (F number) 2 (5
(PN junction)
70%
95%
Te 0.7 0.95=0.665
25°C 60% (2-13)
13.8mm (2-60) 1 t,
89.1% a 0.115km*
20 (2-61) g 0.088 km*
(light haze) 5km
g 0.475 km'! (2-59) s
0.20 kmr? 5 S 0.59 kmt
3.110°



0.2 30°

045 W- m® nmr? (900nm ) 6 10°
W-nm® 't [59,71] (2-44)
(2-39) (2-2) Pe
Pr
P,=216 108" exp(-sR) + 2.7 10°8 (2-62)
P.=7.110% exp(-2sR)" R2 (2-63)

10 nsec (2-53)

35MHz Anaog Devices
0.4pF
3393w 1pF (2-53)
(2-54) (2-10) R, 76kW R, = 75kW
35MHz 100kHz (2-50)
C, 20pF (2-55) (2-56) B
55MHz
160 M 15
h 75% 20nA 1Hz 0.1 pA-Hz Y2
(2-46) 900nm
0.54A/W (2-47)  (2-48) Ps=0
los  19.7nA s 22.3pA (2-48)  (2-62)
(2-63) I

i¢2=346 10+ 257 10°+ 1.68 10
+1.34 10 exp(-sR) +4.42 10'* exp(-2sR) "R? (2-64)

36



ls (2-45)

1s=5.75 10°%" exp(- 2sR) " R2 (2-65)
100MHz
26.5nA
35MHz i 15.6nA (2-51)
R, i, 277nA
(2-52) iy
iy» {411 10%%+1.34 10" exp(- sR)
+4.42 10 exp(-2sR) "R 2} 12 (2-66)
(2-66)
64)
(2-15) 50
20
452 5 35 (

B D ) 10 nsec

37



(2-15)

15cm 1 nsec
10
5 134
S
C D
107
C30724 A: 20
PGEW?2S12 B: 5
AD8015 C: 20
D: 5
107 -
A
el
B
K
D i -
10-3 I I I Y I I [ | I
’102 141 4452 6 10
(2-15)

300

(2-56)
141
(2-66)



23

(2-43)

(2-16)

16

(vignette)

15

20
20

C30724
PGEW2S12
AD8015

[72]

(2-16)




(timing

point) (threshold voltage)
(wak eror)
10 ns 1.5
[73] (-1
(3-1)(b)
(3-1)(c)
V(1) V(1) V(D)

ji — e

(b) ©
(3-1)



(constant-fraction

timing discriminator)[ 74-75]

3-1
(3-2)(@)
(3-2)(b)
@2@ R R SW koW
V1 VD R3 R4
V2 V1 Tdd VR RS R7
Ve, VR Ve K ‘vjr \
oW W w0 LEANNG
Vin R7 R6 M : O<f<l
o ! 52 J___ pr—;_-‘——;—é -\—/;——;r':__‘_. _____
—t T !
v, T it
Ry Rz% G Vo — ?I?r, -
1 N i Viz
v, /\
—w—) ) — :
R Taa R4_: \/:V\ a
@ [75] (b) [74]
(32

41



(offset voltage)

Vin
Vi
Ty f (3-1)
TI’I’
(true constant fraction)[ 73]
T, =
1- f
D@
(3-1)(b) (3-3)(@
A B C A B
B C
C A

rise time compensated timing)[73] (3-3)(b)
Trr (3_2)

(3-3)(b)

42

(3-2)(b)

Vi 'V,

r

(3-1)

(amplitude and

TARC



(3-2)

i/ © A i
[ A LR/ S VOO ISP S
< ! !
i | I
7 74 N T B N N V! Y "Rl SRR
i
) I i ) )
) I i ] )
) | ] -=r
o o “ .
| | | " e 1/
« 0 « <
> > > > > >
. © A
N _In
|
' ©
llllllllllllllllllllllllllllllllll Tr
||Tw

| Y-S
1
1
1
1
1
1
1
1
i
1
1
1

Vv
v
Vl
Vv

fV, T
£V,

[73]

(3-3)



[76]

3-2

(microstrip line)

(distributed R-C)

(dispersion)

(transmission line)

[77]

(3-4)

(3-4)



v "
Vv _‘ z vV - > t
C ZCC / \ﬂz
R i V.
) >t
(3-5) [78]
(3-9)
[78]
( )
(fal time)
(36 [79 (3-6)(a)
C R L
R RC=RL
R, R/



(3-6)(b)

Vi)
(3-6)(c) RC
Vrl Vr2

Vi(1)

(3-3)

(3-4)

RC

Va Ve
Vi)
(3-6)(c)
Vi

tc2 Vrl

@ (b)

[79]



Vrl Vr2

Dt
3-3
(3-1)
Anaog Devices
AD96687 [80]
350ps (3-7) (3-10) AD96687
10MHz 1% 90%
12ns S0mv N oV
4.8ns 5.0ns 200ps
(3-11) (3-14) 80mvV 2V
0.4ns

(10% 90% 12ns 0OV 20ns) (3-15)

47



e
1+
[

:l M N N N M .
| : : : : : : 1A: 5ns

MEE]~ Zomv Ch2 500mvY M 3ns Ch2Z 680mV

ay 2000

2:

—
o
==

==
Ll (¥}

(3-7) 50mvV

f : : : : : - JAr4.9ns

IRl T00mV ChZ 500mV% ™M 3ns ChZz J 630mV

2000
]

d
0:

—w
o
==

2

=

(3-8) 200mV



Tek HETE 1G5/5

Tek EIGE 1Gs/s

Acqs

1+

1A 4.8ns

“ThZ TS00mvy M

85 Acqs

I L

Shs Ch2 7 680mV
30 May 2000
14:08:25

]

1A 4.8ns

“ThZ Ts00mvy M

49

S Ch2 7 680mV

30 May 2000
14:06:33



Tek HITE 1GS/s

1A 17.4ns

2..

Chi ~ S0mv _ Ch2  S0mvh WM 10ns Ch2 7 46mV
50my 10ns ?g_gajyzgooo

(3-11) 80mV
1 2 M

1A 17.4ns

—50mv_ ChZ 50mv~ M i0ns Ch2 F  76mv
Math S0my 10ns ?g_Mav

(3-12) 180mV
1 2 M



Tek HXTR 1GS/s

-

] b

[0 :

|
|
|

A 17.208

ICh 1 RLIAR
Math 200my 10ns

(3-13) 500mV
1

“ThZ “Toomvy M 10ms Ch2 7 T18mv

Tek H{&H 1G5/s 16 Acqs
— 1
]
I

=

A 17ns

Chl 500mv
500my

(3-14) 2V
1

10ns

ThZ ~S00mv% M 10ns Ch2 J

51

660mv

30 May 2000
12:28:46



Tek EififE 1G5/s

—
4w
1 i m
EIE =
- W

|
"

1A 4.9ns
{@: —5.4ns

Chi—200mv

500mv~ M 5ns ChZ 7 330mV
May 2000

30
17:27:31

(3-15)
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[81,87]
[83] [84] [89]
(time-to-
digital converter) [86]
(counter)

(oscillator) [87-88]

GaAs 2.4GHz
[89]

(time fraction)

e e

T, €«— T,

o}]

(4-1)



(interpolation) [90]
(4-1) T

T.=m" T, T,

T=T,+T.,-T, (4-1)

T. T
(time-to-amplitude
converter)[91] (time-stretching)[92] (vernier)[93]
(propagation delay)[94]
4-1
(4-2) [95]
I C
( )

(analog-to-digital converter A/D)

(4-1)



—]—

C
(4-2)
10MHz( 100 nsec)
(bit) 100 nsec 210

100MHz( 10 nsec)

10 nsec 21

oV

2.1mV
2.1mV

[95]
10
0.1 nsec
14 (bit)
2.5 psec

14



4-2

)

Q.

1968

[96]

[97]

Q,

Q,

(4-2)



€) (b)

(4-3) [97]
(
) 1000
[97] 5000 [98]
18MA 90mA 4 nsec 25
MHz 7.8 psec
(dead time)
5000

5000 20 nsec
20 nsec
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4-3

[99]
(4-4)

(best)

(4-4)



T, T, (4-1)

To To
P1
P
Ps (4-4) T
(4-3)

T=T+T,- Ty=ps To+(E-P) (To- Toy ) (4-3)

Ty=(1+1r)" T, O<r<1
(4-3)

T=T," [ps+(p2-p) 1] (4-4)

Pr P, Ps r 0 1 (4-4)

r

(coincidence)

(4-4)
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4-4

(4-5)

(logic buffer)
(D-type flip-flop DFF)

(propagation delay chain)

(@)
(4-5)

---------

---------

(4-5)(a) B,..B,
(ddlay unit)
(4-5)(b)
Ck Q
/\
N\

---------

St D
HD i HD ol D
Hck n! Ck Qi Ck Q

DFF, { DFF, DFF

(b)



D (D-input)

CK )

T, —>
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(4-6)

Ty =(mt )" Ty

Tab (Ta Tb) f

O<f<1

(4-5)

47) T4F244

nsec (4-5)
2.7 nsec

500 psec
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(4-5)

Tq

(quantization error) m

(integrated circuit)

[100]

2.7



(4-7)

1

o] —

9-Feh-949
2:43:08

18 ns
1.98
3.45

180 ns
180 ns

[.o13
2.78

P T R
=

W
W

L=ag e

e

<

ac
ac
ac
ac

B Bx EX EX

3 e I I
‘P pron e T 1 |
T
= .'!‘T'L:;]‘: —— IIII__IIII +—
1 T ]
BB i
At 7.80 ns L 128.2 MHz
I 1 OC 248 W
T4F244

5AE MS5/s

STOPPED



[101]

(application-specific
integrated circuit  ASIC)
(complimentary metal oxide semiconductor CMOS) [102-
106]



(programming)

81
MHz
[108] (5-1)
Ta Tb
RESET

END

[107]

6.4 neec

(programmable logic device PLD)

10

ZERO DCAL



(4-5)

[109]

50%

e Rl I el D el
m < m m
| < @ m
.| T m
1 <C m “
“ o |
| ® x|
! o Of
“ < < m m m
m b Gl b & !
! A A A A |
= S
| m

RESET o

(5-1)

-1



(5-2)

4 5

(5-2)(@)

(5-2)(b)

6

Tq

(5-2)(b)

1 = 3Td EI
Q
=

N
T
=ry
(b)

' Sl |_ |||||||||||
0 ' o | SI/M _8| BS |
o I WCD 1
L\ | B85 G o
AL LT T : | :
e ) -——— - - [Sp— )a
R S e R
1
! Ot esdal | \a/ 1@
' Ni ada| & S
/2 LT T ! \ :
[l i I E [T (V]
)

ST o-————
SPo-————
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B8
B8

5-2

Altra

(5-3)

B5 B6

3T, 6 7

(layout)

FLEX10K100ARC240-1

(logic lement LE)
[110]

(programmable flip-flop)

(combinationa function)

(look up table LUT)

MAX+PLUS Il (version 9.21)

D



DATA1 .  »
DATA2 > -
DATA3 p| LUT >
DATA4 q >
’—V ENA
CR
=D
LABCTRL1 Clear |
LABCTRL2 »  Pest
Logic
Chip-WideResst %O:ckt
LABCTRL3 >
LABCTRL4
(5-3) FLEX10K100ARC240-1
I0E | | 10E I0E | | 10E I0E | | 10E

IOE

+_v,_+

+_v,_+

+_v,_+

to FastTrack

N p Interconnect
D Q
CK

toLAB Loca

[110]

b

IOE

&

A,

IOE

Column

Interconnect

IOE

IOE

Row Interconnect

IOE

>

IOE

A
3

M,

IOE

=——" LE

A
e

E

E

A
e

E

(5-4) FLEX10K100ARC240-1
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AN

Local

=<— LAB

Interconnect

[110]



(5-4) FLEX 10K 100ARC240-1 [110]

(logic array block  LAB)

(Loca
| nterconnect)
(Row Interconnect) (Column
| nterconnect)
(FastTrack Interconnect) [110]
(5-2) ( )

(5-3)
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7 7
1.44 nsec
3.4 nsec
3
(55
DU
LC
81 110 nsec
11
. A _________ N
ST o '

(59
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5-3

(5-6)
Stanford Research Systems (SRYS)
SR620 (universal time interval counter)
SR620 (sngle shot least significant digit) 4
psec (rms single shot resolution) 25 psec
(relative accuracy) +/- 50 psec [11]] SRS
(synthesized function generator ) DS345

(duty cycle) 50%

PW, PW,
PW, 10 RG58A/U
DS345 SR620
l I l

| —» ST, :

PW1 ] ! N A OBl486

(tom)| | L Enp B

AW, i » CLK st ;
| ZERO e B
L DCAL .
i —» Gate i
9 RESET :
: > oK :

(5-6)
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44 nsec DS345
227 MHz 6 MHz
PW, 0 120 nsec
(5-6)
IN END
CLK PW,
(5-7)
0 nsec 120 nsec 0.1 nsec
SR620
(486/DX33)
SR620
(5-8) 25°C 3.3V
m
100 ( 0.1 nsc )
Vce ﬁ ST,
55 Qs Ds QB—PSPA
IN© CKs | {CKg

FF5 FF6

CLKo 1 » ST

—1D7 Q; Dg Qs—}SPB

END o CK; | MHcK,
FF7 FF8
) ) vXO\R » Gate

(5-7)
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m=25 m=26 m=27 m=28 m=29 m=30 m=31 m=32 m=33

ARYAYANAYRIRYRYAY;
IR y j Y y
VA

e —y |

0.6 I\\
R I
LA

m=26 m=27 m=28 m=29 m=30 m31 m=32 m=33

;\f“KFWETTiIWKT VilRY, \f I
" x i

nl |

\ I
[fl%]Y%L JES ég\\ 40”#\1\142

I
34

T (ng

(5-8)
m
m
0.1 nsec

81 110,000

m

50% )
(5-1)
e _ 0
»caTy= (80- 2) (5-1)

€=z1 @



(zero offset)

SN ¢ ()

A B
z 5 (5-9) (511
Tya (least significant bit LSB) 25°C
3.3V A
Taa 1459 nsec B Ted
nsec A B Ty
Taa 9@  (G-9(b)
A
O’Z @, A N
-0.19 —»
o5 KLl L L DDV DD VDL

g " (®) .AMB LA Do

A e AR g Fry)

@ 05 L L

: 25 () ‘<—‘+2.32

= 20 -

Lo l l I l
T
A
{101 WA O BT D

-05
6 10 15 20 25 30 35 40 45 50 5 60 65 70 75 80
i

(5-9)
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(5-9)(¢)

(51
1.458 nsec (5-9) A
-0.19 LSB (0.28 nsex) B
-0.19 LSB (0.27 nsec)

232 LSB (338 nsec)  (5-10)@ (b) (o) A
B (SR620
) A B
1)@ () (© A B
Er (5_2)
E, =(m- 2) T~ ATy (52)
m (5-11) A
-0.21 LSB (0.31 nsec) +0.17 LSB (0.25 nsec) B

-0.19 LSB (0.27 nsec) +0.28 LSB (0.4 nsex)
-22.4 LSB (32.68 nsec)

0.45 LSB (0.65 nsec)
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(LSB unit)

m
Z1

(M2 Tga- & Tai

160

140

120

100

80

60

(nsec)

40
20

0.4

0.2

-04
0.4

0.2

6 10 15 20 25 30 35 40 45 50 5 60 65 70 75 80
m
(5-10)
(@) A +0.17\A

A AN AN N &
N R

~ oz

(IR N N N NI RN N RN RN NN NN AN NN NN NN RN NN RN

)JJ,,Ck——'+C128

"i\/\;/\/\\»\/\w —
7 \/ SN

019"

LA LN Attt i iy LV N LN LA LIV LA

L

T

© \~*\__ﬁ

(NN N NI N N N N NN R NI N E NN RN NN NN RN NN RWEN

6 10 15 20 25 30 35 40 45 50 5 60 65 70 75 80

m

(5-11)



5-4

PLL)

TAB

(4-5)

Te»(M-2)" Ty

A B

(delay lock loop DLL)

[106,112]
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(5-3)
(5-3)
T
(phase lock loop
T

(ring oscillator)



dT

dr=dT,  m

dTg

m
(5-12
(5-6)

A B (5-13)

70°C 0.13 nsec
0.55 nsec
80 40 nsec
(5-14) (5-15) (5-6)
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(5-4)

5°C
2.5V

3.3V



1.55

1.50
/ (b)
1.45
(nsec)l 40/////

—
=33V
1.35 I 1 L L L L L L L L L L
5 15 25 35 45 55 65
(°C)
(5-12)
1.9
AN @ A
. \\ €) (b) B
1.6 (b)\\\
15 \
(nsec)1.4 \\
1.3 =%°C \\‘\.\
25 27 29 31 33 35 37
V)
(5-13)

(5-16)
IN END CLK ZERO DCAL  RESET
RESET (5-16) (reset)
(57) FF5 FF6 FF7 FF8 XOR FF1 FF2 FF3
FF4 Al A2 A3 N1 N2 N3

(operation mode)



o
,aTdi
1

o
- 4Ty

DCAL

(LSB unit)

(M-2)" Tga -

(LSB unit)

=z1

(M-2)" Tya

0.2
0

-0.2

0.2
0

5 -0.2

0.2
0

-0.2

0.2
0

-0.2

0.2
0

-0.2

0.2
0

-0.2

0.2
0

-0.2

0.2
0

-0.2

A //\\
\ﬂw
\|||||||IIM\I/I\IIII\IIIIMII\IIII\III Nty rr gy

Al NN N &

AN /\.,\/\,/\/\

6 10 15 20 25 30 35 40 45 50 5 60 65 70 75 80

m

(5-14) A

PO v e B v VI PV VPNV IV LIV

N ANV LN

3.0V

111N LI PN PIN TPV TN TN PPN DTN DI NI I INTN T I PN IINTT I

S

. AN
ﬁ.\I\I/II\IIMIII\IIII\II\/N/IIIIIIIIIIIMIWI\T\TI{II\II

VAN AVA N AN NV VAN
§.|8|\|<|||||M|\||||\||||\| |\|\||\|-TT‘|,T||\|| 1\ |\|\|||‘:1||||\||||\|

6 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

m

(5-15) A

CLK (

CK) A3 ORl FF6

81

ZERO

FF8



i Dl Ql D2 Q2 D3 Q3 i ; Al :
DCAL © : CK, | HCK, CK,4 h j |
|| PR FF2 JrFFS ¥ M
: - : a2 )—JORD—
ZERO o—— 7 . W—/ "
| D, Q, i |
: +CK, i :
FF4 ‘ @ !
CLK o ' N i
| Ve ﬁ' T
: D. Q D Q : S A
Joi— o | e
IN© L s | e
: [ —» STg
Tord>—— o | Lox > 57
ENDO 1= FF7 Fre | |
I cae
(5-16)
IN END IN  END
OR2 ORS3 FF5 FF7 CK; CK, FF5 FF7
IN END (exclusve OR) XOR
(5-17) A
IN T,

Qs



CKs i v Tk
% -
ST, !
N3 iq i T, >
CLK i l T -
CKg i i i /_TCKLH I
b Iy
P, i < Ton —>
(5-17)
IN A Tan (STa
) T Tame
(FF1~FF7) CK Q
Tean IN
T, Qs STy T, CLK
OR1 CK, T, Q SP, T,

Ta :Tam +(T1 +TCKLH +T2 ) - (T3 +TCKLH +T4 ):Tam_ Tamz

T,.,= (T;+T,-T,-T,)
IN END DCAL
ZERO
A3 ZERO

FF4  CK, Q,

SP,

OR2 CK,
A3

(5-9)

CLK
CLK



OR2 ORS3 FF5 FF7  CK, CK, FF5
FF7 Q.
ST, ST, Q A2 OR1 FF6 FF8 CK,
CKq Q @ P, Sk A
(5-18) (5-16) Q, OR2 CKq
T, Q. ST, T, Q A2 ORl CK,
Ts Qs SP, T, A
STa  SPa T
T, =Tt TountTa T+ T n1tT,) =Ts+T,—T.—T, (5-6)
Q4 I/‘_ T
Ks i v Toan
° e
e
CKg i (i—TCKLH
S N
Pa —>! — T,
(5-18)
Q, OR2 OR3
A2 OR1 IN END OR2
OR3 CLK A3 OR1



Ts =T,

:T1

Tamz

IN

Tda

CLK

CK, Q&

FF1

OR3

OR2

Q,

Qs

FF3

Q,

Ts

FF7

FF5

Te

ZERO

END

DCAL

FF2

Q,

CK,

FF2

FF7 CK, CK,

FF5

CLK
Q3
CK g
Qe

(5-19)



Al OR1 FF6 FF8 CK, CK, Q
SP,  SP, FF2 FF3
Q Q
A (5-19)
ST, SP, T Q, OR2 CK,
ST T, Q Al OR1 CK,
P, T,

To=Ty (T + T +T4) = (To Ty +T2) =Top— Tapz

Q, OR2 OR3 Q,
T, =T, Ts=Ts
A T,
Tapz
A T ga m z p

Tam= (m+ fm) ’ TAda
Taz= (Z+ fz) ’ TAda

Tap= (p +fp) ’ TAda

Qg

TCKLH

T2 Qs
Te Qe

(5-7)

Al OR1

(5-9)
(59
(5-10)

Taz =Tamz :Tapz



&7 9 (510 T ada

— TO, \ -
TAda_(p_ Z)+(fp- fz) (5-11)
(5-8) (5-5)
— (m' Z)+(,fm' fz)
R CEEnGe N o
B
B (5-12) T,
(5-11) (5-12) £, f
Tiga T
T - pT-Oz (5-13)
T = r;‘ ; T, (5-14)
I=A 1=B A B T,
L =_(m-z), (f-1)T (fo- )" T,
DT, =T,-T, = : ¢
(b-2) [(p- 2+(1,- 2] (p- (7, - 1)
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z ( )
(-2 (- $)<<(-2
(M-2)»(p-2) (f,- f,)<<(p-2
-1<f,- £<1

m
DT, » (fy- ,) Tiaa
DT, » (f,-,) Tiga

-1I< f

(m-2) <<

f,<1

m- Iz

+- 1T,



[113]

[109,114]
[115]
[116-118] (pulse shrinking) [117-119]
[115,120] Te
Tda

o s

END o : ——» ST > i
ZERO o—— L plsp > : >

DCAL o——— ¢

RESET o——— CK :
CLK T—'—: A

(6-1)



Altera

[110]
MAX+PLUS Il (version 9.21)

32

6-1

145 nsec 81

10 MHz

(6-1)
FLEX 10K 50EQC240-1
FLEX 10K 100ARC240-1

916 psec 7.5

100 nsec

0.916 ns
110



(uniformity) [109]

(inverter)

(6-2)

(6-2)
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[109]

(dynamic range)



6-2

(pulsewidth recovering

circuit)

Vce :
_[ FFO1
DOlQ B : <— l l
—>°_Ck0101 ST:
Rou +¢_LD—DLJ—Du—Du—Du—DUIDU—DU

' OrO1L | 1 2 3 4 5

R R ——

DU{DU DU—DU—DU—DU—DUJ
—»9 14| [13||| 12| [12] |10| | 9| | 8




(6-3)

(6-4)

32 DU
(6_2) Tda
FLEX10K
7
> 4 DUS DUS8
DU12 DuUl5 DU19 Du22 DU26 DU29
3T,
26 (DU26)
AOL D FFO2 OR01
DU1 FFO2 NORO3
7Tda DU27
DU32 (6-4)
DU26 DUl
— > Ty e t
DU26 P
pu27 it
DU28 | 1L
DU29 t "
DU30 i 5 {.x /
DU31 i | +.>..;: !\
DU1 5 | d
163Tda%i :
K 7Tda %i



63 D FFO1
FFO1  CK,, FFO1  Qy
ORO1
DUS5 DU5 NOROQ02
FFO]‘ ROl QOl
10T, FFO1
(6-5)

—> Taa<— t
CK, § ]
Q *j . ] : T
DUL_ § g NS
DU2 ! xS TN 1.
DU3 | R Y <1,
DU4 | IS Tt
DU5 i i X = X
bus | | TN T

E » 3Td a i 4Td a E » 3Td a i
(6-9)
( )
DU26 DU27 DU29
AO2 FF02
CKoq, FFO2 FFO2 Qo Qo2

FFO1

9%

ORO0O1



10T,

DU5S

DUS

Qo

FFO2

NORO3

(6-6)

10T,

10 T,

Qe
FFO2

FFO2

Ezgggij"mMm“

Q

-

=3..

1

i

DU1
DU2
DU3
DU4
DU5S
DUG

e m g

(6-6)

31

(6-3)

32

DU32

CK



NO1
A0l  AO02
m n
L n+m) T
T=[(L" n+m+f)- (z+f)] Ty (6-1)
L (6-3) L=32 z
Of f, <1 Of f,<1
6-3
(6-1)
z Tda (6_7)
(6-3) FFO1
DCAL
FF06 ~ FF15 CLK IN
END RESET ZERO D FFO3

CKys Qus OR0O4
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\Y;
T FF06 FFO7 FF08 L FF09 FF14 NO2 _FF15
DCAL DOG QOG DO7 Q07_‘ D08 608 D09 609 D14 614 ] D15 QlS
o——— {CKgg CKoy CKog CKog CKia CKis
ROG R07 03 ROS ROQ R14 RlS
o Lel[lpl[mle] Te)  Lgd 09
Vce Vce FFO1
OR04 —I—_ Dos Qus —I—_ Do1 QuI—» ST
!:N D CKyy CKoy
ZERO | Do Qu— Voo —pFFO4 iz
o ORO5
Ros 05 o5
END FFO3 | L 37 gK Q » SP
¢! Ll__,-/ 05
Rys | FFO5
ORESET l » RESET
(6-7)
OR05 CKy  CKis FFO4 FFO5 Q, Qg
ST SP
Z Qe OR04 Qu
T01 Qo4 Q01 Toz Q04 ST
To3 Qo3 ORO05 Qos To4 Q05 SP
T,
T,= (Tt Tes) - (Tou+ T+ Te)=(z+1f,)" Ty (6-2)
Of f,<1 Tya
ZERO IN END RESET
DCAL FFO6 Que
FFO7

SP



ZERO i

Pz

Q03
P Tog
Qo4 r—' T
Qo1 i i‘i’
: :T03
ST ; i
Qos i‘— Tos — i
! i Tos
SP ] ! !
| —i T, —
(6-8)
Qo7 ORO4 FFO4 FFO1
ST FFO8 FFl14 (ripple
counter) Qy; CLK
65 (65T,) FF15 Qs
Qs ORO05 FFO5
SP (6'9) Q07 Q04 T06
Qs Qs Tor 65T,
T
T,=65T,+ (Tor+ Tos) - (Tos + Topt+ To3) =65T, + T,
=(p R2+p,+f) Ty (6-3)
T,.= (Tort Tos) = (Toe + Toot Tgs) (6-4)
Ty P P
Of f, <1 T
T



DCM EJTCKLH — Ty —> :IfTCKLH
Qo7 | . - : :
' Tog 5 i
Qus ] i
i L Too 5 ;
Qox I — T i
: e = i
ST i = |
Qo | | §
Qoo | B | | g
Ql4 i i 5 | i
Qs | § - T
Qos i i 5 N T
Sp : ; 65T, — E i N
54 T, >
(6-9)
DCAL ZERO RESET
IN END
(6-10) IN (6-7) Qo4
Tos END Qos Too T
T
To=T+ (Tt Tes) - (Tog+ Topt Tpe) =T+ T,
=(n" 32+m+f )" T, (6-5)
T2 = (Toot Tos) = (Tog+ Toot+ Tos) (6-6)
n m Of f, <1
Tda Tmz
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Qo4 E‘T_OS" -
b T 55
Qo1 | ) T3
] ¥ S5
ST : !
END E i £
| : - - Tog
Qos i : s ARE—
sp i( i T Vi : 05
PE—— :
(6-10)
FFO3 FFO4 FFO5 FFO7 FF15
(6-6) T = Tos = Tog Toa= Ty = Tog
Tz: sz: Tmz (6'2) (6'3) (6'5)
Ta T
65" T,
T. = 0 \ 6-
“ (p, 32+0p,- 2)+(f,- f,) ©0
"32+m- z)+(f_- f
b e (1, 1) o0
(pl 32+ p,- Z)"'(fp' fz)
(6'7) (6'8) fm 1:z 1:p
T, T
E - 65" T, (69)
P 32+p,-z
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(6-2)



N R4M-2 oo p (6-10)
P 32+p,- 2

T =

- f -f _ ’32 - g f 'f 0 —
) (tn- f)- (0 2em- I (fp- L)ooy
(pl 32+p2-z)+(fp- fz) g

— dp 32 -
DT:T-ng(pl ML
e

P, 32+P, z ( ) (- B)<<(p/32tP-2
(N 32+ m)<<(p, 32+P,) O () Tea
(1 324 m)» (py 32+P,) DT» (f,-f,) Ty 1< f,
- f,<1 -I<f, - f<1
+- 1 E
Taa
67) (69 (5-11) (5-13)
T,
R o o
_rda _ p'|:0 : (5-13)
67 (511
(- f,)
T p
( p, 32+P,)
( )
(p, 32+P,) >>p
-1 (fy- 1) (py 324P,)
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6-4

SR620 DS345 10
5-3
(6-11)
DS345 SR620
VY

v Co— :
AN | > CLK :
(10m) —»{ IN —» ST .
PW, : »{ END — SP :
I »| ZERO I
oon |y
: » RESET :
| |

T 486 <«

(6-11)
(6-12)
2.5V 20°C
13 + ” (a)
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a low cost Flat T-1 3/4 plastic package.

The device employs two series connected
advanced multiple quantum well laser diode
chips, producing high peak output power at
low drive current. Additional features
include good power retention at elevated
operating temperature and low putput beam

divergence,
The device is ideally suited for light duty
applications where cost is a pnmary concern

and high volume production capacity is
required.

Handling Precautions

® Devices orc static gensitive

B Protect from current trangients

= Awvoid reverse bias voltages

Al

& 905nm emission

n High peak output power
& Low cost packaging

® Avalable in high volume

Operating Considerations

The device is operated by applying current
in the forward bias direction.

Maximum ratings and limiting values must
never be exceeded. Exposure of the diode to
even brief transient current spikes i excess
of the recommended maximums,
particularly in the reverse direction, can
cause catastrophic device failure.

Maximum Ralings Limiting Values

Forwerd current, i, 25 A
Peverse Valtage, Ve Y
Duty Factor, Du. ... 0.0075%

Storage Temp. Range . .. .....-20°C - +70°C
Operating Temp Range 0*C - +50°C

09193



905 nm
InGaAs Pulsed Laser Diode

PGEW21E09
Characteristics at T=27C, t,~30ns, P_=1KHz
Farameter Min Typ Maz Units
Peak Output Power (Po) 15 20 W
Peak Forward Current (i) 25
Peak Forward Voltage (vy) 15 v
Centar Wavelength (i) B85 905 923 nm
Spoectral Bandwidth (A1) 5 nm
Pulse width (t,) 30 ns
Pulse Repetition Rate (P,) 15 KHz
Beam Divergence (8] x 8.) FWHM 10x25 deg.
Source size (wxh) 225x120 pm
E 1 |&
E 1 fE
; 11
3 1 |3
¥ 1|
=50 . -40 =M -0 ';;-ﬂt {H '_L:} ™ W W 5 =30 -0 -M -0 ”;I:{ [pn:m.[i] 0 N
Figure 1. Farfield Emission Pattern Figure 2. Parfield Emission Pattern
L to the Junetisn Plane I to the Junction Plane
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Typical Characteristics at t. =
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LOW COST SILICON AVALANCHE PHOTODIODE (Plastic Encspsulated Psckage)  C30724P

g 3.28/3.17
(o.128)/(0.125)
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{0, 04D}
|
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Features:

& 0 6mm Diameter

® High Quantum Efficisncy:
76% @ 800nm

® Low Capacitance: - 1pF

& Low Oparating Voltage, 120V
o 200V

# Plaatic Sealed Packege

i | {:';"‘;:” J = Fast Time Responss -
: e g—re Typically Sns
| E ARNTE m _*_ L] Hluh Barwdwdd Ll
® Low Moise
15. 24 |
s T — e
{@.018] {c.s0) Applications:
OPTHCAL D1STANCE
e VE-2B8 » High volume Laser Range
Finding and Communication
Applications
Product Information particularly suited for high  Qrdering Information

The C30724p avelanche
photodetector is designed for
oparation at gains in tha ranga
10 to 20. The aperating valtage
range is 120 to 200 voits, and in
many applications, the APD can
be opersted et a fixed bias
voltage, without the need for
tempearature compensation,

Tha C30724F provides high
rasponsivity in the wawvalength
range 800 to 950nm, and rise
and fall times of about 6 ns,
vith no “tail® in the fall time

wrecteristic. The C30724P is

volume applications such as
Laser Range Finding. Optical
Communication Systems and
other applications requiring high
speed, low noise, and gains in
the range 10 to 20.

Quality and Reliability

EG&G Optoelectronics Canada is
committed to supplying to

highest guality product to our
customers, we are cartifiead to
meaat IS0-B001 and operate o
MIL-O-9868A and AOQAP-1
quality standards.

The COT24P intended use 15
for large volume applications.
The minimum quantity aorder is
10,000 units per yaar. For more
information on pricing and large
volume price discoums, please |
contact EG&G Optoalectronics
Canada, 22001 Dumberry,
Vaudreuil, Quebec, Tel: (514}
424-3300, Fax: (514)-424-
3411.



Specifications (at V,= V. (160 volts), 22 °C)

PARAMETER c30724P UNITS
MiIN TYP MAX
Diameter 0.5 i
Gain @ 900nm (@ Vg, = 160V) 12 16 18
Dark Currant 20 40 Yy
Moise Current, i,: f=10kHz, Af=1.0Hz 0.1 0.25 pANHz
Capacitance @ V, = Vg 1.0 pF
Rise time/Fall Time {10% to 90%) B nsec
Operating Ratings
PARAMETER Cc30724P UNITS
MIN TYP MAX
Operating Voltage 120 200 v
Breakdown Voltage 360 v
Maximum Forward Current 5 mf
Power Dissipation 60 mw
Storage Temperature -B80 100 =
Operating Temperature -10 60 b
" .’
£ ===
-
E &
d 1 i
5 i 3 5 - R b1 1 |
i 1 18 =
y “l - ™
14
E 1 ? = e - =
" 12 -
- 10 Fo—
1!1! ™ Bao ] 1000 100 120 18 @ 1S 18 dM i a0 M
WAVELENGTH (nemy WOLTAGE
Figure 1:Typical Spectral Responsivity vs. Figure 2: Typical Gain Range vs. Voitage.
Wavelength.
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Wideband/Differential Output
Transimpedance Amplifier

AD8015

FEATURES
Low Cost, Wide Bandwidth, Low Noise
Bandwidth: 240 MHz
Puise Width Modulation: 500 ps
Rise Time/Fall Time: 1.5 ns
input Current Noise: 3.0 pA/VHz @ 100 MHz
Total Input RMS Noise: 26.5 nA to 100 MHz
Wide Dynamic Range
Optical Sensitivity: -36 dBm & 155.52 Mbps
Peak lnput Current: =350 pA
Difterential Outputs
Low Power: 5V & 25 mA
Wide Operating Temperature Range: -40°C to «85°C

APPLICATIONS

Fiber Optic Receivers: SONET/SOH, FDDI, Fibre Channel
Stable Operation with High Capacitance Detectors

Low Noise Praamplifiers

Single-Ended to Differential Conversion

I-te-W Converters

PRODUCT DESCRIPTION

The ADBO1S is a wide bandwidth, single supply transimpedance
amplifier optimized for use in a fiber optic receivers circuit, [tisa
complete, single chip solution for converting photodiode current
into a differential voltage output. The 240 MHz bandwidth enables
ADBO015 application in FDDI receivers and SONET/SDI
recelvers with data rates up to 135 Mbps. This high bandwidth
supports data rates beyond 300 Mbps, The differential outputs
drive ECL directly, or can drive a comparator/ fiber optic post
amplifies

In addition o fiber optic applications, this low cost, silicon al-
ternative to GaAs-based transimpedance amplifiers is ideal for
systems reguiring a wide dynamic range preamplifier or single
ended to differential conversion. The [C can be used with a
standard ECL power supply (-5.2 V) or a PECL (+5 V) power
supply: the common mode at the output is ECL compatible.
The ADB01S is available in die form, or in an 8-pin S0IC

package.

REV. A

Information furnished by Analog Devices (5 believad (0 be acourate and
reliable. However, no responsibility s asswmed by Analog Devices for its
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Figure 1. Differential/Single-Ended Transimpedance vs
Frequency
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Figure 2. Noise vs. Frequency (50-8 Package with
Added Capacitance)
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AD8015—SPECIFICATIONS sorctage o1, - 25c snat - 5, utes tvermis ot

ADE0LSAR
Parameter Conditions Typ Max Units
DYNAMIC PERFORMANCE
Bandwidth 3dB 180 240 hMHz
Pulse Width Modulation 10 pA to 200 pA Peak 500 ps
Rise and Fall Time 10% to 90% L5 s
Seutling Time' to 3%, 0.5 V Diff Output Step 3 ns
INPUT
Linear Input Current Range +2.5%. Nonlinearity +25 +30 pA
Max Input Current Range Saturation 200 +350 .
Optical Sensitivity 155 Mbps. Avg Power 36 dBm
Input Swray Capecitance Die, by Design 0.2 pF
SOIC, by Design 0.4 pF
Input Bias Voltage +Vs to Iy and Viye 1.6 1.8 2.0 Y
MNOISE e, Single Ended at Poyy.
or Differential {PIL'IL"I"NHL.".I :l.
C!,Tqi.'r = ﬂ:‘l FIF
Input Current Noise =100 MHz 3.0 pﬂh’m
Total Input RMS Noise DC ta 100 MHz 26.5 nA
TRANSFER CHARACTERISTICS
Transresistance Single Ended 10 12 kil
Differential 16 70 24 ki
Power Supply Single Ended o dB
Rejection Ratio Differential 40 dB
QUTPUT
Differenitial Offser ] 20 mV
Output Common-Mode Voltage From Positive Supply -1.5 -1.3 -1.1 )
Viohage Swing (Differential) Positive Input Current, B = o 1.0 Vpp
Positive Input Current. B, = 5010 it 'l p-p
Crutput Tmpedance 40 3 60 (9]
POWER SUPPLY THIE\i 1] TM_J._:\.:
Operating Range Single Supply +4.5 +5 +11 v
Drual Supply 12.25 5.5 v
Current 25 26 m
NOTES

"Sertling Time is defined o the tme elapsed fram the application of & periect ven input o the tmes whan the satpil hs sobered and remained within s specilied erear
band symmetrical shout the final valoe. This perameter inchudes propagation delay, siew time, overload recovery. and linear settling times.

Specificatiors subject 1o change without notice

ABSOLUTE MAXIMUM RATINGS'
Supply Voltage (+Vsto-Vs). ... ... ... ... .12V
Internal Power Dissipation”
Small-Chliom o e s s 0.9 Watts
Output Short Circult Duration . .. . . .. . Indefinite
Maximum Input Current . ......oovivrvrareraries 10 mA
Storage Temperature Range .. ... ..... -65°C 1o +125°C
Ciperating Temperature Range (Thgy 1o Tigax)
ADBDISACHIPMAR ... .o vocvnvvnnnns -40°C 10 +85°C
Maximum Junction Temperature .. .. .......... +165°C
Lead Temperature Range (Soldering 10 sec) ... .. +300°C

CAUTION

NOTES

'Stresses ghave (howe livied wnder ~Absolute Maximuem Ratings™ may couse
permanent damage o the device. This s 8 sireis mting only and functianal
operation of the devioe at these or any other conditions abave those indicsted in ihe
operaticnal section of this specification Is not implied. Expasure 1o absolute
maximum rating canditions for extended periods may allect device rellabiicy.
*Specification & for device in free ol B-pin SOIC packige: 8, = 155°CW

ORDERING GUIDE
Temperature | Package Package
Muodel Range Description Option
ADBOISAR -40°C to +85°C| B-Pin Plastic S01C | 50-8
ADBULSACHIPS | -40°C to +85°C| Die Form

ESD {electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection
Although the ADB01S features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation ar loss of funcrionality

WARNIN(

.'"II,',J#,P st

c2
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AD8015

PIN CONFIGURATION

METALIZATION PHOTOGRAFPH

Cimenslans shown i microns. Mol 1o scale

OFTICHAL g
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|
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NOTE:
FOR BEST PERFORMANCE ATTACH PACSAGE
SUBSTRATE TG +¥y

MATERIAL AT BACK OF DIE |5 BILICON. USE OF
Ny, O =y FOR DIE ATTACH I5 ACCEFTABLE

FIBER OPTIC RECEIVER APPLICATIONS

In a fiber optic receiver, the photodiode can be placed from the
Iy pin to either the pasitive or negative supply. The ADBO1S
converts the current from the photodiode to a differential volt
age in these applications. The voltage at the Vyp pinis =18V
below the positive supply. This node must be bypassed with a
capacitor (C1 in Figures 3 and 4 below) to the signal ground. If
large levels of power supply noise exist. then connecting C1 to
+¥s is recommended for improved noise immunity. For opti
mum performance, choose C | such that C1 > /(2 nx 1000 »
fiapa): where fypy 5 the minimum wseful

frequency in Hz

PHOTODIODE REFERRED TO POSITIVE SUPPLY

Figure 3 shows the ADBD15 used in a circult where the photo
diode is referred to the positive supply. The back bias valtage on
the photodiode is =1,8 V, This method of referring the photo-
diode provides greater power supply noise immunity (PSRR)
than referring the photodiode to the negative supply. The signal
path is referred to the positive rail, and the photodiode capaci
rance Is not modulated by high frequency noise that may exist
o the negative rall

REV. A

R = d0i1
CA =AblpF
AEV 4 41y

Ty

Figure 3. Fiber Optic Receiver Application: Photodiode
Refarred to Positive Supply

PHOTODIODE REFERRED TO NEGATIVE SUPPLY
Figure 4 shows the ADB015 used in a circuit where the photo-
diode is referved to the negative supply. This results in a larger
back bias voltage than when referring the photodiode to the
positive supply, The larger back blas voliage on the photodiode
decreases the photodiode's capacitance thereby increasing its
bandwidth. The B2, C2 network shown in Figure 4 is added to

decouple the photodiode 1o the positive supply. This improves
FSRR

S——
(= 0

B2

Figure 4. Fiber Optic Receiver Application: Photodiode
Referred to Negative Supply

FIBER OPTIC SYSTEM NOISE PERFORMANCE

The ADBO15 maintains 26.5 nA referred to input (RTT) to 100
MHz, Calculations below translate this specification into min|
mum power level and bit error rate specifications for SONET
and FDDI systems, The dominamt sources of noise are: 10 k3
feedback resistor current noise, input bipolar transistor base
current naise, and input voltage noise

The ADBO1S has dielectrically isolated devices and bond pads
that minimize siray capacitance at the I, pin. Input voltage
noise is negligible at lower frequencies, but can become the
douinant nuise suurce al high lreguencles due to Iy pin stray
capacitance. Minimizing the stray capacitance at the Iy pin is
critical to maintaining low noise levels at high frequencies. The
pires surrounding the Ip; pin (Pins | and 3) have no internal
connection and should be left unconnected in an application
This minimizes Iy pin package capacitance. It is best to have no
ground plane or metal runs near Pins |, 2, and 3 and to mini
mize capacitance at the I pin.

The ADBO1SAR (8-pin SOIC) Iy, pin total stray capacitance is
0.4 pF without the photodiode. Photodiodes used for SONET
or FDID systems typically add 0.3 pF, resulting in roughly

0.7 pF lotal stray capacliance.



AD8015

SONET OC-3 SENSITIVITY ANALYSIS
OC-3 Minimum Bamdwidth = 0.7 = 155 MHz= 110 MHz

Total Currert Nose = (R/2) % 26.5 nd
= 42 nA (assuming single pole response)
To maintain a BER < 1 x 107 (1 error per 10 billion bits):

Minimm current feved needs to be > 13 x  Toral Current Nodse
= 541 a4 (peak)

Assume a typical photodiode current/power
=(0.85 AW

Sensitivity (minimurm power level) = 541/0.85 al/
= 637 nW (peak)
= -32.0 dBm (peak)

= -35.0 dBm {average)
The SONET OC-3 specification allows for a minimum power
level of -31 dBm peak. or -34 dBm average. Using the ADB015
provides 1 dB margin.

FDDI SENSITIVITY ANALYSIS
FDDI Mintmum Bapdwidth= 0.7 x 125 MHz= 88 MHz

Tuucumm-ma::fwscm:m
100 MHz

= 39 nA (assuming single pole responsd

CORNVErsion ratio

To maintain a BER < 2.5 x 107"° {1 error per 4 billion bits):

M current fevel needs to be > 12.6 x  Total Currert Noise
= 492 nA (peak)

Assume a rypical photodiode current/power Comversion ratio
= 0.85 AW

Sensitivity (minimumn power fevef) = 492/0.85 al

= 579 nW (peak)
=-32.4 dBm (peak)
= -35.4 dBm (average)
The FDDI specification allows for a minimum power level of

-28 dBm peak. or -31 dBm average. Using the ADBO15 pro-
vides 4.4 dB margin.

THEORY OF OPERATION

The simplified schematic is shown in Figure 5. Q1 and Q3 make
up the input stage, with Q3 running at 300 pA and Q1 running
at 2.7 mA. Q3 runs essentially as a grounded emitter. A large
capacitor (0.01 yF) placed from Vgyp to the positive supply
shorts out the noise of R17, R21, and Q16. The first stage of the
amplifier (03, R2, 04, and C1) funclions s an integrator, Inte-
grating current into the [y pin. The integrator drives a differen-
tial stage (5, Q6. R5. R3, and R4) with gains of +3 and -3.
The differential stage then drives emitter followers (Q41, Q42,
Q60 and Q61). The positive output of the differential stage pro-
vides the feedback by driving Res. The differential outputs are
buffered using Q7 and Q8.

The handwidth of the ATB015 is set to within +20% of the
nominal value, 240 MHz. by factory trimming R5 to 60 £2. The
following formula describes the ADB015 bandwidth:

Bandwidth = 1/(2 xx Cl x Repx (F3 + 2 e/ R4)

where re (of Q5 and (6) = 9 (0 each. constant over temperature,
and Rpp/R4 = 43.5, constant over temperature,

The bandwidth equation simplifies, and the bandwidth depends
only on the value of C1:

Bandwidth = /{2 x= 3393=CJ).

() sl

wm® O

Dt @ wi® it ® 2@

L=

Figure 5. ADB015 Simplified Schematiic

REV. A



AD8015

i
L&

dB
—

-5
-

’ o ADant

=18 ,,:/J
B .

-5 |
00 B0 40 40 -30 0 3} 40 B0 B0 00

] 1] 190 foon

WA FRECUENCT - MHz

o

Figure 6. Differential Output vs. Input Current Figure 9. Gain vs. Freq‘w
] A
48 o e HT |
g = = '" T SV, #28°C
. =1.0 = !I- ‘f
g -l-rl: E =
= o
ﬁ 2 s Bg ‘}“"— i
N " R
E _.,-r"/ \ —_— ]
L — +Illl: —?--—.
‘ “C —
2.5 I
00 B0 43 -4 -30 8 N 4 80 B0 100 " 108 1000
INPUT CURRENT - i FREGUENCY - MHz
Figure 7. Single-Ended Qutput vs. Input Current Figure 10. Group Delay vs. Frequency
] e
] ns
Y . "ov
FiL i
i 18 \‘

b1 ] L5

BAMDIDTH
B EE QR
GAIN
g
=

aE

g

40 -3 -20 -0 § W N X & N 0 T O® a0
TEMPERATURE - C e 100.08+4 1ae
FREQUENCY - Hz
Figure 8. Bandwidth vs. Temperature Figure 11. Differential Gain vs. Supply

REV. A Cs



AD8015

g jo
- £ -—
\'\,
FiH &
* 1 L] 10 1a00

FREQUERCY - MHz

Figure 12. Output Impedance vs. Frequency
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Figure 14. Differential Gain vs. Input Capacitance

APPLICATION

155 Mbps Fiber Optic Receiver

The ADBOI5 and ADBOT can be used together for a complete
155 Mbps Fiber Optic Receiver (Transimpedance Amplifier,
Post Amplifier with Signal Detect Cutput, and Clock Recovery
and Data Retiming) as shown in Figure 16,

The PIN diode front end Is connected o a single mode, 1300 nm
laser source. The PIN diode has 3.3 V reverse bias, 0.8 AW
responsivity, 0.7 pF capacitance, and 2.5 GHz bandwidth,

The ADB015 outputs (Poyt and Nyyr) drive a differential, con-
stant impedance (50 £} low-pass x filter with a 3 dB cutaff of
100 MHz. The outputs of the low-pass filter are ac coupled to
the ADS0OT inputs (PIN and NIN). The ADSOT PLL damping
factor is set at 10 using a 0.22 uF capacitor,

The entire circuit was enclosed in a shielded box, Table [ sum-
marizes resulls of Lests performed using a 27°-1 PRN sequence,
and varying the average power at the PIN diode.

The circuit acquires and maintains lock with an average input
power as low as 39,25 dBm,

30 DEVICES, 2 LOTS:
(+OUT, =DUIT) = (25°C. <A0°C, ES°C) = ($V, 4.8V, 11.0V)
= L]
"
{=
@
H b
| = |
- lo £
g I -mi
13
il
{=
10 b
]

HEHHHHE

Figure 15. Bandwidth Distribution Matrix
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Figure 16 155 Mbps Fiber Optic Receiver Schematic
Table [. ADS015, ADBOT Fiber Optic Receiver Circuit:
Output Bit Error Rate & Output Jitter vs. Average Input Power
Average Optical Output Bit Output Jitter
Input Power (dBm) Error Rate {ps rms)
-6.4 Loses Lock
-6.45 1.2 102
-6.50 7.5% 107
-6.60 9.4 x 10"
-6.70 1% 10M
-T0to 1x10M < 40
-35.50
-36.00 30= 107 < 40
-36.50 48x 10"
-37.00 28x10°
-37.50 8.2x 107
-38.00 1.3 % 108
-38.50 1.1x 10!
-39.00 1.0 = 107
-39.1 1.3 107
-39.20 1.9x 10
-39.25 2.2x 107
-39.30 Loses Lock
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ADBO15

AC COUPLED PHOTODIODE APPLICATION FOR and typical sensitivity of -35 dBm. AC coupling the input also

IMPROVED DYNAMIC RANGE results in tmproved pulse width modulation performance.

AC coupling 'l“BﬁPi‘""""'5"‘“*"‘:"g current input to "‘; S‘ENPE (Fig-  Careful attention to minimize parssitic capacitance at the

ure 17) extends fiber optic receiver overload by 3 dB while sacrl- 4 hgq) 5 jnour (from the photodetector input), Ry and C.uc are

ficing only | dB of sensitivity (increasing receiver dynamic range e o sensitivity performance in this application. Nate that

by 2 dB). This application results in typical overioad of -4dBm. ¢ 510,01 uF was chasen for a low frequency cutaff equal to
2.2 kHz,

A5 4y 1 1Y

Figure 17. AC Coupled Photodiode Application for improved Dynamic Range
OUTLINE DIMENSIONS
DHmensions shown In inches and (mm)

8-Lead Small Outline IC Package (SO-8)
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