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ABSTRACT

- Hln present  Optical Communication seems to be important in  the modern
communicaﬁon._ However, optical equipments are quite expensive because we have to import
them from foreian countries. So we create this project in order to study optical
communication technology and use this knowledge in the future.

Our project can be divided in 2 parts. The first part is designed as a digital signal
transmitter used for transmitting signal into fiber optic. Each of them is Crystal oscillator ,
Frequency divider , Pseudo-random pulse generator , and driver. The second one used as
Receiver. It composes of Transimpedance amplifier , Wideband amplifier , Voltage-Controlled

’

Amplifier , Bandpass filter and Decision circuit.
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2.4 15U UNTIUIBNNUAUT (Transimpedance Amplifier)
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uaz Avalanche photodiode TasaaFwatihwdrevigarasinlalalen Aa Wuarsieiaduuusensa pn
FeiltaeinramasursninustaandmasnuLasrasdygyiraiignawa Tagazvinnu
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R NeP = RP (2.4.1)
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NeGP = RGP (243)
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NG = 2el, + 2el, G F(G) (2.4.5)
Tag FIG) Fundn naueedyy nrunauyasasaand Jauansiannis
F(G) = kG + (1 -k (2-1/G) {2.4.6)
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2.5_9399N989999A21ND(Band-Pass Filters)
=i 3 P . - , . A ¥ 1 -
wasnsasAnutazsen A lRmIzantuuile ( twawubdu ) vimdurulllinanfe
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BW= @,-, (25.1)
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ANINAN O, Te9TnugnAiafuAuedtnRAtdiaAgaftenNiitey acld
w,= V0,0, (25.2)

Iaefigit 25.1 @) wasdliinienndnyuzrasuuuimalameflugeuni g7 25.10) uanenos
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N (s} = Hs (2.5.3)
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vAmadlass Waridu (Butterworth Function)
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Aarfungnilonluanns (254) dnazgndnedaiy Butterworth function ignuasialad wezdr 20
log [I NG1) I/ |N(jO) | | = 20 log 0.70711 = -3.0103 wiiua ANATeY 1 nRtusiedud dnacgnaedai

AN 3 WTiua ue AIND 3 wTwan9Y (dB down)

o (rad/s)

U7 252 ArUANHIENNIWIATEINATA Nl ANAR

L)

HA2ML2ITUIATDY Butterworth function AWFL n Avsig 1 Thuamesialugl 253 Anlunesiaae
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Mag dB Mag dB Mag dB Mag dB Mag dB Mag dB
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0.8980 -0.93 0.8423 —149 07771 —2.19 0.6370 —392 0.5704 —4388 04061 —7383
0.9459 —0.48 0.8901 —1.01 08081 —1.85 0.6007 —443 0.5009 —-6.01 0.2841 —1093
09724 —0.24 09254 —0.67 08361 —1.55 0.5640 —4.97 04344 724 01938 —14.25
09862 —0.12 09503 —044 08611 —1.30 05275 —556 03729 —8.57 0.1306 —17.68 ,
09932 —-0.06 09673 —0.29 08830 —1.08 04916 —6.17 03176 —996 00875 —21.16 l
0.9966 —0.03 09787 —0.19 09021 —0.89 0.4566 —6.81 0.2688 —11.41 0.0584 —2467 i
0.9983 —0.01 09862 —0.12 09185 —0.74 0.4228 —7.48 02265 — 1290 0.0390 —28.18
09992 —001 0991t —008 09325 —0.61 03904 —8.17 0.1903 —14.41 00260 —31.70
0.9996 —0.00 09943 —0.05 09442 —0.50 03597 —8.88 0.1594 —1595 00173 —35.22
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2.6_29a5ea A ( Amplifier )
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v [ : 3 2 et o t:l’
Fagvarzenadtyny ol saduarnanfangeaci
Single-Ended-Input-Single-Ended-output

duwuundimsiladiefigasegd 261 wasiiawnsodowlwllideg 2.62(a) waz b)
lugluavasanalion AC azwiulédn Q, wuu emitter follower TWItUs? Q, FALLLILGTIN UMEN
AtNzEUA (current source) AzgnuvuRsagA i luaiisuusnledyyios v, uas

v o~ =3 + v P A’ o 74 aly v
ANNANUNUNNE T Rs ﬂ?’]Nﬂql’.uQ\!"ﬁ‘WJﬂ eRautiaznuue I R, HAUAHNINSY

panalsd Awdu v, =V,

1 e

Ardnannaduevimnzesanlaiess luannrlifiivan (noload) aglaifly

V.= ieRe (2.6.1)

]

Wehl i, = g,  (QNNAW @ = 1) ANNAUWBUNNTIEINATIENBLLILTIWATIN Q, vl
iy = T *+ Re/B (2.6.2 a)
Taed r, Wuaruiuniulawniingassessie BE Ae

r, = 0026V

e
IE

atlafnnluaeasdouuin RyB<<r, Anlusatnsovinlfannish (2.62a) maedlu

HAY S %, (262 b)

n2 =

71¥ 2.6.1 29RUBENAFNUWLL  sihgle-ended-input-single-ended-output
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alfi 262 (a) warsenudodwilbidiutnisegdiuimsu@anas (baeas small signal

aAwiumsdames Q Tuilu Emitter follower

iy =V, /1, (263)

ol o= Bl ) 2.64)

n

unuAaNnTs (2.6.4) aeluannis (263) uwdanmdan B azla
o N Ngy, ke = A (2.65)
for * fe2
udaunuannis (26.1) aluanns (265 azla
v, = R, V, (2.6.6)
Tor + ez
AdnaeiwIan axflunemutesauns 266) wazAnafiannzdunn
( quiescent ) Vgq Fes arrsludaedaly
ANAINARIN A, =V, [V, Aadudusiindadau Ve, aanmauiuaznTvaasinetes
aNNAT (2.66) fan V. a1l

A, = R. {2.6.7)
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A, = R,/ 21, 2.68)
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77 263 m’md’u'ﬁuﬁ’ﬂmMmmﬁwwLm:Lmﬁ'qw‘lugﬂﬁ 2.6.1
Fefwnniiluendnindedaaud aunacdiasgnanulaemaliden Tnadiineadu R ax
N7 (2.6.8) aznanenily

A, = /2, (26.9)
Tnes re= Re//R, Femuduiufssuinamates v, ez v, uamﬁqgﬂ'?; 263
uﬂuﬂ?ﬂﬂLﬂﬂﬁmu&@:'lﬁaun'mmvf'qwﬁLﬂammﬁuﬁuﬁww Femmemumanameziiu

NNIAAUTANINATIENHULLIINLETINUAS emitter follower TelianmiTiansaiuiudunmiig

pous T uAumsanTsandn lddnwares Q awnsomldangl  azldanu

duAusiv = 6, = B2, (2.6.10)

p 9
m‘:mauizﬁuﬂ’tynpmuazd'wﬂaumﬁvm {Level-Shifting And Output Stages)

aeatuenauuUAN e udaanaz1dnn7 direct coupled [iaRdazannsiLTEALWsasulHA
v d’ dy 2.4 2 74 [ L4 Id‘ - t.' &<
1 WHawanwsmail daanislienvinnsasnagaiteresasignaedgi 0 Taayi duide
« (d i ¢ g - o~ ] o~
V, = 0Taasl, v, = 0 lamsl ez ifiteul siliduafsdvsiasnisdaurasnai@eussiudynn
P ar «
29951AaUsTSAUAYQIN (Level Shifters)

o o ﬁﬂl [ <4 ] < v o o 1 4. .v
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* VCC

-Vee

77 264 madeuszaudynyrutugiulaeld emitterfollower
nrzuadlmmaires Q, azla
e = Ve Vg - Ve 26.11)
RE
- a4 e,
39 R, = R, + R, uananiiaziiuin
Veg = Vee - IR, 26.12)
WaNTRBNULLAT 1 NIFEIN19IRsgniaeniasAn R, uas R, azualsiniauiaAl R aanaunis (2 - 1)

Re W =Pl VTN [ 2.6.13)

Ananms (2-12) aclddn R, ?

R O Wl (2614 a)

Uni Vg = 0 Yo
Ry = Mgl 2614 b)
dlafin R, fanwnsowen R, lann
R, “= R - 26.15)
fawdidnludouressandeussiudyiaunli 265 a2 19 Auvann 7 o wifinez
Wunssduilanszuauuuaniinunu R, waslug  wansuuuvik@dulUls Seud curent
mirror azgndlusseteil um’tma‘qﬁnLﬁmn?:ummué"'u1 figunsalilunseanuunifiduiy

W o

nﬁﬁ"?l,ﬂ?'lzu"tugﬂ"?; 265 FuAnmMMInIzLg l, "ﬁaqnumuhﬂ Q, feasnuuuazituus
A1 1, AwilefiResnts Vg, azanmnsomldlag
Vea = Vo Vee - LR, (2.6.16 af
Unfuaq Vg = 0 fardu

Voo = OV = Vo= Vge - LR, (2.6.16 b)
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A= 0, (26.18)
r,+ R, +r1,,
e r, = R, //R,
dmiuasaslugLlil 265 lhavimainuaz 1
AT R, (2.6.19)
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v O v Py -
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NTUTALADTNATGEININ muuma:auum'lm'] ﬂ?L’LLﬂLUﬂQ:Nﬂ']LﬂUQUﬂ mnplmq:mu‘lmfm

bl = ly (2.7.5)
ly+1, = ly (2.7.6)
o+ lg = Iy (2.7.7)

Rarsaunnsdiit v, dugud  Ananfiqauatemmudsmed T,, T, T, uae T, azviniu

Vges = (V" (2.7.9)
Feazinll =1, 1 = I, uay

Lo+l =  + 1, (2.7.10)
Frariu Vo = Rllli+l)-(,+1)} =0 2.7.11)

nacisialll iaziansun Wa v, dugud ala

/L \ 2712
FamngAaNn

| +1, = Mig (2.7.13)
uanannil wfmeuingn

¥ 2. 4 B (2.7.14)
o Lo=luasl, =1
RINANNI7 (2.7.10) wae (2.7.13) a¢ldan

V, = Rl #l)-{L+l)) = 0 (2.7.15)
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285173 | @ MOTOROLA

E | The RF Line NI

— .- 4.5 dB © 200 MHz

- HIGH FREQUENCY
TRANSISTOR

NPN SILICON

NPN SILICON RF HIGH FREQUENCY TRANSISTOR

... designed primarily for use in high-gain, low-noise amplifier, oscil-
* lstor, and mixer applications. Can also be used in UHF converter
applications. ’

® High Current-Gain — Bandwidth Product —
fr = 1.4 GHz {Typ] @ Ic = 10 mAdc

e Low Collector-Base Time Constant —
ry’Ce = 14 ps (Max) @ Ig = 2.0 mAde

Characterized with Scattering Parameters

® Low Noise Figure —
NF = 4.5 dB (Max) @ { = 200 MHz

A
8
i
[
I i
[ ~|
|f
SEATING I«
PLANE
. STYLE 10
MAXIMUM RATINGS et onrren 0
2 BASE —~1 =N
i 3. COLLECTOR
Rating Symbol Value Unit WWiase ﬁw ‘JN'
Collector-Emitter Voltage VcEO 12 vde i . G
Applicable 1.0 to 20 mAdc - M N )
Coltector-Base Voitage veg 20 Vde {Bx
Emitter-Base Voitage VEs 25 vdc . WILLIMETERS] INCHES
C Current Ic 50 mAdc DM Wik TMAX T WIN [ MAX
A ] 531 68
Total Device Dissipation @ T4 = 25°C Pp 200 mw NERE %’{-— %
Derate above 25°C © 114 mw/oC C [ 437533 om0 0210
. ’ 0_| 041 053 | 0.016] 0621
Total Device Dissipation @ T¢ = 25°C Pp 300 mw - 76 | - 51‘
Derate above 25°C 1.71 mw/oC 041 ] 048 | 00161 007
3 2.54BSC_| 0.100 BSC
Storage Temoerature Range Tstg -65 to +200 c §1 ] 1.17 1 0.035 | 0.048 |
1| 127 | 0528 | 0048 |
270 - [05601 -
*Indicares JEDEC Registered Data. i ':1"'15 BSC_ JS‘: B——E—E
N | 1278sC X
= 11271 - Joose

ALL JEDEC dimensions and notes spply

CASE 20-03
T0-72

MOTOROLA RF DEVICE DATA
6-50



2N5179

*ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)

| . Characteristic Symbol Min Max Unit l
OFF CHARACTERISTICS
[ Emitter Sustaining Voltage VCEO(sus) Vde
(ic = 3.0 mAde, g = O 12 -
Collector-Base Breskdown Voltage ViBRICBO vde
{I¢ = 0.001 mAdc, Ig = 0) 20 -
Emitter-Base Breakdown Voltage V(BRIEBO Vde
(Ig = 0.01 mAde, Ic = O 25 -
Cotlector Cutoff Current icso uAdc
{veg = 15 Ve, 1g = 0) - 0.02
(Veg = 15Vde, ig=0.Ta= 150°C) - 1.0
ON CHARACTERISTICS
DC Current Gain . hEg -
{ic = 3.0mAde, Vcg = 1.0 Vde) 25 250
Coliector-Emitter Saturation Voltage VeE(sat) Vde
{lc = 10 mAdc, 1g = 1.0 mAdc) - 0.4
Base-Emitter Saturation Voltage VRE (sat) Vde
{ic=10mAde, Ig * 1.0 mAde) - 1.0
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product O] tr MHz
{ic = 5.0 mAde, Vcg = 6.0 Vde, = 100 MHz} 900 2000
Collector-Base Capacitance Ceb pF
{Vcg = 10 Vde, g =0, 0.1 to 1.0 MHz) - 1.0
Small-Signal Current Gain hfe -
{ic = 2.0 mAde, Vg = 6.0 Vde. 1 = 1.0 kHz2) 25 300
Collector-Base Time Constant ry Ce ps
{lg = 2.0 mAde, Vg * 6.0 Vdc, f = 31.9 MH2) 3.0 1
Noise Figure (See Figure 1} NF a8
(1g = 1.5 mAdc, Vg = 6.0 Vde, Rg = 50 ohms, f = 200 MHz} - 4.5
FUNCTIONAL TEST - ~
Common-Emitter Ampiifier Power Gain (See Figure 1] Gpe dB
{Vcg = 6.0Vde, Ic= 5.0 mAdc, { = 200MHz) 15 -
Power Output (See Figure 2} Pout mwW
(Vg * 10 Vdc. Ig = 12 mAdc, 12500 MHz2) 20 -

*|ndicates JEDEC Registered Values.
(D)7 15 Sefined as the frequency 8t which [hg| extrepoistes to unity.

MOTOROLA RF DEVICE DATA

6-51
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FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN FIGURE 2 ~ 500 MHz OSCILLATOR CIRCUIT
AND NOISE FIGURE CIRCUIT

Tree NOTE 2

[LEEY RFC

_“—_I re=---" l_'l
l::!”x L L S0sF | 759F oumn

T [T EEEPTIRT R L
:] ¢ L0AD NOTE) . SEEWNOTED - e .

ol L

FROM BT -

8]

SOUNCE g pp 1000 pF R
= 1o0g § NOTE ==
IT*tw
kY REC
h Note 3 - Cosssal Line outpul meiwork

consisting of:
v vee 2 Generat Radio Type 374 TEE or M i
£t 1 Generat Rotio Type 574 D20 Adjustadle Stub or eewivelent

1 Genarsl Radie Type 874-LA Adiusiable Line or equnelent

1 Generat Racra Type 874 WN3 Shariwcuit tarmination or squivalent
Mot 2 - AFC = 8.2 uM Ohenite 22450 or squmalent
Note 3 = Leos Numbes 4 (tise} flasting
L1 - 2 tussm 816 AWG wize, 33 inch 00, 1-1/48 inch long

L1 1:3/8 Turng, #18 AWG_0.57 L, 05" Dismeter
L2 2 Tures, 216 AWG, 0.5 L. 0.57 Duamerer
L3 2 Turmy, #13 AWG, 0.25 L. D.57 Damemes (Posnion 1/4™ from L2)

Q= N5178
FIGURE 3 — NOISE FIGURE FIGURE 4 — NOISE FIGURE versus SOURCE
versus FREQUENCY RESISTANCE and COLLECTOR CURRENT
10 : 500 e
: — —~ Vee- 50 Vec
20 L I [ ] 50 ] = T 108 i
L ] 1 Y - — -~
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FIGURE 6 — CURRENT-GAIN-BANDWIDTH PRODUCT
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FIGURE 11— S14, INPUT REFLECTION COEFFICIENT FIGURE 12~S22, OUTPUT REFLECTION COEFFICIENT
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FIGURE 15—S11.INPUT REFLECTION COEFFICIENT AND S22, OUTPUT REFLECTION COEFFICIENT
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MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage Vceo 40 Vdc
Collector-Base Volige Veeo 60 Vdc
Emitter-Base Voltage VEBO 6.0 Vdc
Collector Current — Continuous "l 200 mAdc
Total Device Dissipation @ T = 25°C Po 625 mw
Derate above 25°C 50 - mwW/rC
*Total Device Dissipation @ T¢ = 25°C Pp 1.5 Watts
Derate above 25°C 12 mWrC
Operating and Storage Junction Ty Tseg | 5510 +150 c
Temperature Range
°*THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RaJA 200 cTwW
Thermal Resistance, Junction to Case Rguc 83.3 ‘W

*Indicates Data in addition to JEDEC Requirements.

2N3903
2N3904*

CASE 29-04, STYLE 1
TO-92 (TO-226AA)

% 3 Collector
/-
1/ Base
1
2 3 1 Emitter

GENERAL PURPOSE
TRANSISTORS

NPN SILICON

*This is & Motorola

.

desig d preferred d
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)
Characteristic Symbol | Min Max | Uit |
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage(1) V{BRICEO 40 - Vde .
{Ic = 1.0 mAdc, Ig = 0}
Collector-Base Breakdown Voltage V(BRICBO 60 -—_ Vdc
{ic = 10 pAdc, Ig = 0)
Emitter-Base Breakdown Voltage ViBRIEBO 6.0 —_ . Vde
(Il = 10 pAdc, Ic = 0)
Base Cutoff Current [:18 - 50 nAdc
(Veg = 30 Vde, VEg = 3.0 Vdc) ;
Collector Cutoff Current lcex - 50 nAdc
(Vcg = 30 Vdc, Vgg = 3.0 Vdc)
ON CHARACTERISTICS
DC Current Gain{1) heg —
{ic = 0.1 mAde, Vcg = 1.0 Vdc) 2N3903 20 -
2N3304 40 —
{ic = 1.0 mAde, Veg = 1.0 Vde) 2N3903 35 -
. 2N3904 70 -
{ic = 10 mAde, Vog = 1.0 Vde) 2N3903 50 150
2N3904 100 300
{Ic = 50 mAdc, Vcg = 1.0 Vdc) 2N3503 30 —_
2N3%04 60 _
(ic = 100 mAde, Veg = 1.0 Vde) 2N3903 ) 15 —
2N3904 30 -
Collector-Emitter Saturation Voltage(1) Vee(sat) Vde
{ic = 10 mAdc, ig = 1.0 mAdc) ! - 0.2
{ic = 50 mAdc, Ig = 5.0 mAdc) — 0.3
Base-Emitter Saturation Voltage(1) VBE(sat) Vde
{ic = 10 mAdc, Ig = 1.0 mAdc) 0.65 0.85
{lc = 50 mAdc, Ig = 5.0 mAdc) —_ 0.95
SMALL-SIGNAL CHARACTERISTICS .
Cusrent-Gain — Bandwidth Product fr " MHz
{Ic = 10 mAdc, Vg = 20 Vde, f = 100 MHz) 2N3903 250 - .
2N3304 . 300 —_

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
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2N3903, 2N3904

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

Characteristic Symbol Min Max Unit
Output Capacitance Cobo —_ 4.0 pF
(VCB = 5.0 Vde, Ig = 0,f = 1.0 MHz)
Input Capacitance Cibo -_ 8.0 pF
(VEg = 0.5Vde, Ic = 0, f = 1.0 MHz)
input Impedance hig k ohms
{ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3903 1.0 8.0
2N3%04 1.0 10
Voltage Feedback Ratio - hre X 10-4
{Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3803 0.1 5.0
2N3%04 0.5 8.0
Small-Signal Current Gain bte —_
lic = 1.0 mAde, Vg = 10 Vdc, f = 1.0 kHz) 2N3903 50 200
\ 2N3904 100 400
Output Admittance ) hoe 1.0 40 umhos
{ic = 1.0 mAdc, Veg = 10 Vde, f = 1.0 kHz)
Noise Figure NF d8
{Ic = 100 pAdc, VCE = 5.0 Vdc, Rg = 1.0 k ohms, 2N3903 - 6.0
f = 1.0 kHz) 2N3804 —_ 5.0
SWITCHING CHARACTERISTICS
Delay Time (Ve = 3.0 Vde, Vgg = 0.5 Vde, - tg — 35 ns
Rise Time Ic = 10 mAdc, 1g1 = 1.0 mAdc}) 1 - 35 ns
Storage Time {(Vcc = 3.0 Vdc, Ic = 10 mAdec, 2N3203 g —_ 175 ns
Ig1 = lg2 = 1.0 mAde) 2N3904 - . — 200
Fall Time t - 50 ns

(1) Puise Test: Pulse Width s 300 us, Duty Cycle < 2.0%.

FIGURE 1 - DELAY AND RISE TIME
EQUIVALENT TEST CIRCUIT

<ty <500us - M jo 108V

FIGURE 2 — STORAGE AND FALL TIME
EQUIVALENT TEST CIRCUIT

300 ns o +3V
DUTY CYCLE = 7% — +108V 75 DUTY CYCLE = 2%
: 0
-o5v ey < apF
3 p
<fins L— :‘é.
“SVe

*Total shunt capacitance of test jig and connectors

TYPICAL TRANSIENT CHARACTERISTICS
——Ty=25°C «--Ty= 126%C
FIGURE 3 — CAPACITANCE

FIGURE 4 — CHARGE DATA
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FIGURE S — TURN-ON TIME

2N3903, 2N3904

FIGURE 6 ~ RISE TIME
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TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS
NOISE FIGURE VARIATIONS
VCE = 5.0 Vde, Ta = 25°C,
. FIGURE 9 Bandwidth = 1.0 Hz FIGURE 10
12 " T T
be t= 1.0 12 ! t LA
. D PRV A7A R 4 VA
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3 N *\Ic ! ] 1 4 /
¢ S * X
] — - P> e I/
| | L SOuRCE RESISTANCE ~ 5000 S — e et
2Tl = 100, )
SOURCE RESISTANCE = 1.0 __§
I = 50 ph
0 ! P 0
01 02 04 L0 20 40 10 20 4 100 01 02 o4 10 20 40 _ 16 20 & 100

1. FREQUENCY (kHz) Ry. SOURCE RESISTANCE {h ohms)

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES

2-5 - .



Ry, CURRENT GAIN

i, INPUT IMPEDANCE (k oheng)

2N3903, 2N3504

h PARAMETERS
{Vcg = 10 Vdc, f = 1.0 kHz, T4 = 25°C) -
FIGURE 11 — CURRENT GAIN FIGURE 12 — OUTPUT ADMITTANCE
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FIGURE 13 ~ INPUT IMPEDANCE FIGURE 14 = VOLTAGE FEEDBACK RATIO
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Ve, COLLECTOR EMITTER VOLTAGE (VOLTS)

V, VOLTAGE (voLTs)

2N3903, 2N3304

FIGURE 16 ~ COLLECTOR SATURATION REGION
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DUAL D-TYPE POSITIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The MC54F/74F74 is a duel D-type flip-flop with
Direct Clear and Set inputs and complementary {Q, Q) outputs.
Information at the input is transferred to the outputs on the positive
edge of the clock pulse. Clock triggering occurs at a voitage level of the
clock pulse and is not directly related to the transition time of the
positive-going pulse. After the Clock Pulse input threshold voltage
has been passed, the Data input is locked out and information present
will not be transferred to the outputs until the next rising edge of the
Clock Puise input.

MCS4F/74F74

DUAL D-TYPE POSITIVE

EDGE-TRIGGERED FLIP-FLOP

FAST™ gCHOTTKY TTL

LOGIC DIAGRAM

5p

%o

Please note that this diagram is grovided only for the understanding of logic
operations and should not be used to estimate propagation delays.

LOGIC SYMBOL
4

!

So1
2—10y O

ln

3-—cPy

[o]} 0-9
Co1

7

Veg=Pin 18 1
GND = Pin 7 10

4

12 | So2
=102 Qi 9
"
—cPa

TRUTH TABLE
{Each Half)

INPUT

OUTPUTS

@h

@ttt

D

Q

L
H

rxjol

L
H

Asynchronous Inputs: .
LOW Input to Spy sets Q to HIGH level
LOW Input 10 Cp sets Q 10 LOW teve!
Clear and Set are indepedent of clock
Simultaneous LOW on Cp and Sp
makes bath Q and G HIGH

H = HIGH Voliage Level

L= LOW Vohage Level

tn = Bit time before ciock pulse
1 + 1 = Bit time after clock pulse

GNO {7

CONNECTION DIAGRAM

to1 3]
o
CcPy E
Sp1[4]
Qy E
‘3 -

= E Vee
- 73] To2
3] o,
E CP2
7] '§1:;z
Tz

1] G2

J Suffix — Case 632-08

{Ceramic)
N Sutfix — Case 646-06
{Plastic) :
D Suffix — Case 751A-02
{SOIC)

FAST AND LS TTL DATA
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MC54F/74F74
GUARANTEED OPERATING RANGES - T R
SYMBOL, PARAMETER MIN ‘TYp MAX UNIT
Vee Supply Voltage 54, 74 450 5.0 5.50 \
4 -

TA - |Operating Ambient Temperature Range 34 25 g: 17? °C
10K Qutput Current — High 54,74 -1.0 mA
oL Output Current — Low 54,74 £ 20 mA

DC CHARACTERISTICS OVER OPERATIN(?; TEMPERATURZ RANGE (unless otherwise specified)

LIMITS
SYmMsoL PARAMETER MIN TP MAX UNITS TEST CONDITIONS
ViH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
ViL Input LOW Voitage 0.8 v Guaranteed input LOW Voitage
ViIK Input Clamp Diode Voltage -1.2 v IN=-18 mA Vee = MIN
54,74| 2.5 3.4 v loH=-1.0mA| Vgg=4.50V
Vo Output HIGH Volage
74 2.7 34 v IoH=-1.0mA| Vec=475V
Vo Output LOW Voltage 0.35 0.5 v loL=20 mA vee = MIN
i - | Input HIGH Current SN R [N 2y v v
- n =
" topu RN 100 | #A | VIN-70V cC ™ MAX
I {input LOW Current
n (CP and D Inputs) -0.6 mA_| viy=0.5V Vee = MAX
(Cp and §p Inputs) -1.8 mA
Output Short Circuit X _
los Current {Note 2) -60 -150 mA | Vouyr=0V Vee = MAX
Ice Power Supply Current 10.5 16 mA Vep=0V Ve = MAX
NOTES:
1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed opaerating ranges.
2. Not more than one output should be shorted ot a time, nor for more than 1 second.
AC CHARACTERISTICS
5474F 54F 74F
TA = +25°C Ta = -5510 +125°C Ta = 0to +70°C
SYMBOL PARAMETER vee = +5.0V Veg = 5.0V =10% Vee = 5.0V =10% | UNITS
Ci = 50 pF CL = 50 pF Cp = 50 pF
MIN MAX MIN MAX MIN MAX
fmax Maximum Clock Frequency 100 100 100 MHz
tPLH Propagation Delay 38 6.8 38 85 3.8 78
tPHL CPn to Qp or T,y a4 8.0 aa 105 a4 9.2 ns
tPLH Propagation Delay 25 6.1 3.2 8.0 25 74 n
tPHL Cbn or Spn to Qp or Op 35 9.0 35 1.5 35 10.5 s

FAST AND LS TTL DATA
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MC54F/74F74

_ AC OPERATING REQUIREMENTS o T
e o L. 54/74F 54F 74F . .
. TA=+25°C - [TA=-5510+125°C] 1A= 0to +70°C x
SYMBOL 2 - PARAMETER " Veg=450V Vee= 5.0V £10% | Vee = 5.0V £10%| UNITS
- R MIN TYP MAX MIN MAX MIN | MAX -
ts(H) | Set up Time, HIGH or LOW 20 | | - | 30 o 20 | "7
tg(l} | DptoCPy ™~ 7T 3.0 - 4.0 3.0 R
th(H} | Hold Time, HIGH or LOW 10 1 20 . 1.0 -
thil) | DntoCPp - 1.0 2.0 1.0
tw (H) | CP Pulse Width, HIGH 4.0 4.0 4.0
tw(l) | ortow 5.0 6.0 4 50 ns
tw (L) | Cpn or Spn Pulse Width LOW | 4.0 s 40 4.0 ns
Recovery Time
trec EDI'I or gDn o CP . 20 e 3.0 20 ns

FAST AND LS TTL DATA
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~

) QUAD 2-INPUT EXCLUSIVE-OR GATE

Vee CONNECTION DIAGRAM

[31 [51

T

J Suffix — Case 632-08 {Ceramic)
N Suffix — Case 645-06 (Plastic)
D Suffix — Case 751A-02 {SOIC)

GUARANTEED OPERATING RANGES

MCS54F/74F8

- [T IEE SUR

QUAD 2-INPUT
EXCLUSIVE-OR GATE

FAST™ SCHOTTKY TTL

SYMBOL PARAMETER MIN TYp MAX UNIT
Vee Supply Voltage 54,74 4.50 5.0 5.50 v

A ' 54 -55 25 125
TA ' Operating Ambient Temperature Range 74 ) 75 70 °C
loH - [Output Current — High 54,74 -1.0 mA
oL . [Qutput Current — Low 54,74 20 mA

o

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS
MIN TYP MAX
Vid Input HIGH Voitage 2.0 A Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 0.8 v Guaranteed Input LOW Voltage
ViK Input Clamp Diode Voltage -1.2 Vv IIN = ~18 mA Vee = MIN
54,74 2.5 34 Vv 1 =—-1.0mA V=45V
VoH Output HIGH Volhtage oH cc
74 2.7 34 Vv ligy=-1.0mA {vec=475V
VoL Output LOW Voltage 0.35 0.5 \' loL = 20 mA Vee = MIN
20 VIN=27V
H input HIGH Current £A i Vee = MAX
100 #A  |VIN=T7.0V
L Input LOW Current -0.6 mA [VIN=05V Vee = MAX
Output Short Circuit - o
los Current (Note 2) 60 -150 mA |Voytr =0V Ve MAX
15 23 1-input HIGH -
Icc Power Supply Current mA | 1-Input LOW Vee = MAX
18 28 Inputs LOW
NOTES:

1. For conditions such as MIN or MAX, use the appropriate value specified under

2. Not more than one output should be shorted at a time, nor for more.than 1 second.

guaranteed operating ranges.

FAST AND LS TTL DATA
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MCS54F/74F86

AC CHARACTERISTICS
- 54/74F 54F 74F
- . TA =+25°C TA=-5510+125°C| T =Oto +70°C
SYMBOL PARAMETER Vee=+5.0Vv Vee =50V +10% [Voe =5.0V£10% _UNITS
CL=50pF C =50 pF CL=50pF
MIN TYP MAX MIN MAX MIN MAX
tPLH Propagation Delay 3.0 4.0 5.5 25 7.0 3.0 6.5 ns
tPHL | (Other Input LOW) 3.0 4.2 5.5 3.0 7.0 3.0 6.5
tPLH Propagation Deiay 3.5 5.3 7.0 3.5 8.5 3.5 8.0 ns
tPHL (Other Input HIGH) 3.0 4.7 6.5 3.0 8.0 3.0 7.5
£

FAST AND LS TTL DATA
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@ MOTOROLA
MC54F/74F109

DUAL JK POSITIVE
EDGE-TRIGGERED FLIP-FLOP

i FAST™ scHOTTKY TTL ,

DUAL JK POSITIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The MCS54F/74F109 consists of two high-speed,
completely independent transition clocked JK flip-flops. The clocking
operation is independent of rise and fall times of the clock waveform.
The JK design allows operation as a D flip-flop {refer to 'F74 data
sheet) by connecting the J and K inputs together,

LOGIC SYMBOL

s
LOGIC DIAGRAM (one half shown) 4
2y Spg| &
9 PD—a 4—jcp
7
3-aK o Qp-=
T
1
.{ Vee s Pin 16
GND:zPing
K= 11
14 A
-4 Sop Qp~10
1 12
cp > ¢
~ L 13 a
So =aK ¢, OP-9
o Y
Please note that this diagram is provided only for the understanding of logic 15
operations and should not be used to estimate propagation delays.

CONNECTION DIAGRAM

A] L]
TRUTHTTRIE Asynchronous inputs: Cp1 E——?- E Vee
INPUTS| OUTPUTS LOW Input ta Sp sets Q to HIGH leve! v B e -
Low ln:ut to Eg sets Q to LOW level J1 E_Jf'1 % D_'E Co2
@ tn @t Clear and Set are indepedent of clock %) Gldx Y S o IS
J K o 3§ Simultanecus LOW on €pandSp A
makes both Q and G HIGH cPy [G—1cpy xp—{13] Rz
L H No Change . -
oL L H Sp1[Edsp1| | cP{TEl cr2
H H H L tpy = Bit time before clock pulse =
H L Toggles t: + 1= Bit time after clock pulse 01 [f} oy sop—11 Sp2
H = HIGH Voltage Level 51 E_qp.l.a aa ___E Qs
L = LOW Volage Level _
Gno[s 9] G,

J Suffix — Case 620-09
{Ceramic}

N Suffix ~-.Case 645-08
“{Plastic)

D Suffix — Case 7518-03
{SOIC)

FAST AND LS TTL DATA
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MCS54F/74F109

GUARANTEED OPERATING RANGES

symsoLf =~ 7 PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage - 54,74 45 50 . -65 .| V

R . 4 - 125
TA Operating Ambient Temperature Range ? 4 25 i: ‘720 °C
loH Output Current — High 54,74 -1.0 mA
oL Output Current — Low 54,74 20 mA
#

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER MIN UTNY";S MAx | UNITS TEST CONDITIONS

ViH Input HIGH Voltage 2.0 \" Guaranteed Input HIGH Vcliage
viL Input LOW Voltage 0.8 v Guaranteed Input LOW Voliage
Vix Input Clamp Diode Voltage -1.2 \'4 IN=-18 mA Vee = MIN

54,74] 2.5 34 v IoH=-1.0mA | Vcc=450V
VoH Output HIGH Voltage

74 2.7 3.4 v IoH=-1.0mA | Vec=475V
VoL Output LOW Voitage 0.35 0.5 \' loL = 20 mA Vee = MIN
20 A VIN= 2.7V
hH Input HIGH Current = :A' v:: 58 Vee = MAX
input LOW Current
e 4K and CP Inputs) -0.6 mA_ | vN=05V Vee = MAX '
(Cp and Sp Inputs) -1.8 mA

los 8:::’:;3:3;: g')' g -60 -150 | mA | vour=0V Vee = MAX
Icec Power Supply Current 1.7 17 mA Vcp=0V Ve = MAX
NOTES:

1. For conditions such as MIN or MAX, use the appropriate value specified under guaranteed operating ranges.
2. Not more than one output should be shorted 21 a time, nor for more than 1 second.

AC CHARACTERISTICS

54/74F 54F 74F
. Ta = +25°C Ta=-5510+125°C| Ta=0to+70°C
SYMBOL PARAMETER Vee=+5.0V Ve =5.0V £10%| Vo =5.0V £10%| UNITS
CL=50pF Cy =50 pF Cy=50pF
~MIN TYP MAX MIN MAX MIN MAX
fmax Maximurmn Clock Frequency 100 125 70 90 MHz
tPLH Propagation Delay 3.8 5.3 7.0 3.8 9.0 3.8 8.0 ns
tPHL | CPnto Qnor Op 4.4 62 | 80 44 10.5 4.4 9.2
tPLH Propagation Delay 25 5.2 7.0 25 9.0 25 8.0 s
1PHL Cpnor3pnto Qpor Op 3.5 7.0 9.0 3.5 1.5 3.5 10.5

FAST AND LS TTL DATA
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AC OPERATING REQUIREMENTS

.  54/74F ~ B54F ~ 74F
- . . e TA=+25°C TA=-5510+125°C| TA=010+70°C -
SYMBOL . PARAMETER Vee= +5.0V Vee=5.0V+10% |Vee =5.0v10%| YUNAS
v Y- [MIN ] TP | MAX | MIN | MAX | MIN | MAX
tg (H) Set up Time, HIGH or LOW 30 3.0 3.0 s
ts(l) {JnorKntoCPy :-. 130 30 3.0 ns
th(H) | Hold Time, HIGH or LOW - 1.0 10 1.0 )
thil} [JnorKptoCPp T 1.0 1.0 1.0
tw(H) | CPpn Pulse Width, HIGH 40 40 4.0
twil) | orLlOow 5.0 5.0, 5.0 ns
twiL) | Cpn or Spn Pulse Width LOW | 4.0 40 4.0 ns
Recovery Time

trec Con of Son 10 CP 2.0 .20 2.0 ns

FAST AND LS TTL DATA
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@ ”M OTOROLA
' MC54F/74F04

HEX INVERTER

I} - L= - R -

v . -
L MR EAmEEE - - ] B
'Dv—ll - HEX INVERTER
'-D" FAST™ scHorrky 1TL
TE D :

GND

< Suffix — Case 632-08 (Cerarnic)
N Sutfix — Case 646-06 (Plastic)
D Suffix — Case 751A-02 (SOIC)

I PN 53 0N

GUARANTEED OPERATING RANGES
SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supily Voltage 54,74 4.5 5.0 5.5 i
. 1
Ta Op=rating Ambient Ternperature Range 32 (5)5 g: 7205 °C
IoH Output Current — High 54,74 -1.0 mA
oL Dutret Current — Low 54,74 20 mA

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {unless otherwise specified)

SYMBCL PARAMETER MIN LITN;I":I’S MAX UNITS TEST CONDITIONS
Viy Input HIGH Vioitage 2.0 A Guaranteed Input HIGK Voltage N
viL Inpir LOW Voltage 08 v Guaran:eed Input LOW Voltage "
ViK Input Clamp Diode Yoltage -1.2 \Y Vee=MIN, iy=-18 mA
Yone2, | Crh e e 54,74 25 v loH=-10mA | Vec=450V
74 2.7 v IOH=-1.0mA | Vcc=475V
Yor Quipur LOW \oltage 0.5 v loL =20 ma Veo= MIN

20 uA Vcec=MAX ViN=2.7V

0.1 mA | Voo = MAX, Vin= 70V

I Input LOW Current -0.6 mA Vees MAX, ViN=0.5V -
Ouiput Short Circuit

IiH Input HIGH Current

los Current (Note 2) -60 <150 | mA | Vee= MAX voyT=0V
Power Supply Current
| Total, Output HIGH 4.2 mA Vee = MAX, Viy = GND
cc Total, Output LOW 153 | mA | Voc= MAX, ViN = Open
NOTES:
1. For conditions shown as MIN or MAX, use the appropiate vaiue specified under recom.mended operating d forthe
device type.

2, Not more than one output should be shorted at a ume, nor for more than 1 second.

FAST AND LS TTL DATA
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AC CHARACTERISTICS

MC54F04/74F04

DuT

i '_ 54/74F S4F 74F N
N N Ta = +25°C Ta=-55°C10+125°C | Ta=0°C1o 70°C
SYMBOL| ~ PARAMETER Vee=+5.0V | Vee=50V+10% | vec=50v+io%| UNTS
CL=50pF CL=50pF Ci =50 pF
MIN MAX MIN MAX MIN MAX
tPLH Propagation Delay 24 5.0 2.0 . 7.0 24 6.0 ns
tPHL Propagation Delay 1.5 43 1.5 " 65 1.5 53 ns
ACTEST CIRCUIT

bed

‘1 €-——0 Test Point for High impedance Scopes
S el For 50 01 scopes, add 8
l *10% . )
450 N resistor in series
- =5 with the scope and delete
N Y - R2.
Fig. 1 )
FAST AND LS TTL DATA
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J308 thru J310%

CASE 29-04, STYLE 5
TO-92 (TO-226AA)

/ .
1 Drain
., 3
Gate
MAXIMUM RATINGS 1 / @
. 3

Rating Symbol Value Unit 2 Source

Drain-Source Voltage Vps : 25 vdc
Gate-Source Voltage vGs 25 Vdc JFET
Forward Gate Current IGf 10 mAdc VHF/UHF AMPLIFIERS
Total Device Dissipation @ Ta = 25°C Pp 350 mw N-CHANNEL — DEPLETION

Derate above 25°C 2.8 mwrc
Junction Temperature Range Ty -6510 +125 *C % These are Motorola
Storage Temperature Range M -65to + 150 C desig d preferred d

ELECTRICAL CHARACTERISTICS (+A = 25°C unless otherwise noted.)

[ Characteristic Symbol | _Min Tvp Max | Unit |
OFF CHARACTERISTICS
Gate-Source Breakdown Volage V(BR)IGSS -25 — — vde
(ig = —=1.0 yA, Vpg = 0}
Gate Reverse Current Igss
(Vgs = -15V,Vps = 0. Ta = 25°C) - — -1.0 nA
(Vgs = —-15V.Vps = 0, TA = +125°C) —= - ~1.0 pA
Gate Source Cutoff Volitage VGSioff) Vde
(Vps = 10 V. Ip = 1.0 nA) J308 -1.0 - -65
J309 -1.0 - -4.0
J310 -2.0 s -6.5
ON CHARACTERISTICS
Zero-Gate-Voltage Drain Current(1) lpss mA
{Vpg = 10V, Vgs = 0} J3os 12 - 60
J308 12 —_ 30
J310 24 60
Gate-Source Forward Voltage VGEsif) —_ —_ 1.0 vde

(Vpg = 0,ig = 1.0 mA)
SMALL-SIGNAL CHARACTERISTICS

Common-Source Input Conductance Relyig) mmhos
{(Vps = 10V, Ip = 10 mA. f = 100 MHz) J3os — 0.7 —_
J309 - 0.7
J310 — 0.5 -
Common-Source Output Conductance Relygs) - 0.25 — mmhos
{(Vpg = 10V, Ip = 10 mA, f = 100 MHz)
Common-Gate Power Gain Gpg - 16 - dB
(Vps = 10V, Ip = 10 mA, { = 100 MHz)
Common-Source Forward Transconductance Relyss) —-— 12 - mmhos
(Vps = 10V, Ip = 10 mA, f = 100 MHz)
Common-Gate Input Conductance Re(yig) —_ 12 — mmhos
(Vps = 10 V. Ip = 10 mA, { = 100 MHz)
Common-Source Forward Transconductance Ofs pmhos
(Vpg = 10V, Ip = 10 mA, f = 1.0 kHz) J308 8000 —_ 20000
. J3os | 10000 - 20000
J310 8000 _ 18000
Common-Source Output Conductance dos umhos
{(Vpg = 10V, Ip = 10mA. { = 1.0 kHz) —_ —_ . 250
{

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
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J308 thru J310

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

(Vps = 10V, Ip = 10 mA, f = 100 K2)

Characteristic Symbol Min Typ Max Unit
Common-Gate Forward Transconductance ofg pmhos
(Vps = 10V.ip = 10 mA, f = 1.0 kHz} J308 -— 13000 -
J309 - 13000 —_
J310 -— 12000 —
Common-Gate Output Conductance Pog umhos
(Vps = 10V, Ip = 10 mA, { = 1.0 kH2) J308 159 -_
~ J309 - 100 -_
J310 150 —_
Gate-Drain Capacitance Cod —_ 1.8 25 pF
(Vpg = 0,Vgs = =10V, f = 1.0 MHz)
Gate-Source Capacitance Cgs —_ 4.3 5.0 pF
(Vps = 0,Vgs = =10V, f = 1.0 MH2)
FUNCTIONAL CHARACTERISTICS
Noise Figure NF —_ 1.5 - dB
{(Vps = 10V, ip = 10 mA, f = 450 MHz)
Equivalent Shon-Circuit Input Noise Voltage n — 10 -— avrVHz

. {1) Pulse Test: Puise Width < 300 us, Duty Cycle < 3.0%.

SRy

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
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J308 thru J310

FIGURE 1 — 450 MHz COMMON-GATE AMPLIFIER TEST CIRCUIT
s0Q V.4 un 50 12
Source o LOAD

/ L2g
Ly ik
7 ca
csy, —
\
h 7 h
1.0%
‘Voo
Cl1«C2-08 100oF.JFD IMVMOIOW
€3 =~ C4é 2 835 pF Enre =539 0020

€5 = C6 » 5000 pF Erre 12443 0001

€7 = 1000 pF
RFC 0.33an
LY = One Turn =

Alien Bragley 3F ASC

Miller 29230 30.
=16 Cu, 174 1 D (A Core)

L2p+ One Turn =16 Cu, 174 1 D {Awr Core!
L2g = One Turn =16 Cu, 174" 1.D. {Ar Core)

FIGURE 2 — DRAIN CURRENT and TRANSFER
CHARACTERISTICS versus GATE.SOURCE VOLTAGE

FIGURE 3 — FORWARD TRANSCONDUCTANCE
versus GATE.SOURCE VOLTAGE

ip DRAN Co-RRENT 1mA)

° T 7 1 A 2SS 1\ EE
__1 A(({+ & 2 f—ed—-i ' i i PR
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ADMITTANCE snd FORWARD TRANSCONDUCTANCE FIGURE 5 — ON RESISTANCE and JUNCTION CAPACITANCE
versus DRAIN CURRENT versus GATE-SOURCE VOLTAGE
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J308 thru J310

FIGURE 6 - COMMON-GATE Y PARAMETER

MAGNITUDE versus FREQUENCY

NF, NOISE FIGURE (d8)

30 l 30
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s el 17 >
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60 — 06
, s 4
T Y2
O L
100 200 300 S00 700 1000
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FIGURE 8 — COMMON-GATE ¥ PARAMETER
PHASE-ANGLE versus FREQUENCY
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FIGURE 10 — NOISE FIGURE and
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FIGURE 7 - COMMON-GATE S PARAMETER

MAGNITUDE versus FREQUENCY
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FIGURE 9 — S PARAMETER PHASE-ANGLE

versus FREQUENCY

"Mz "2
20° 1200
Q3
31
400 1002 4 BN 2 - 200
NS
60° 300 N -4Q0
A
LA N
300 600 yd \\\ 500
,/ N
"
1000 a0l vos=10v : 800
7 1p* 10 mA Ty
¢
Ty s 250 1
1200 200 1 i 100%
100 00 300 500
¢ FREQUENCY BaHnI
FIGURE 11 — NOISE FIGURE and
POWER GAIN versus FREQUENCY
ro T T
vggs 10V %
§0-Tp=10mA
LTa=250C 2
- Citguit n Figure 1 P
50 s L [ - “ .=_
NoUpe Y z
40 7 «
4 e
H
10
) il €
e 2
20 - (5
— &0
10 ) [ 20
H
. ]
50 100 200 300 500 700 1000

1, FREQUENCY (MH2} o

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES

4-48

-



J308 thru J310

FIGURE 12 — 450 MMz IMD EVALUATION AMPLIFIER

| ce

Byy (308} — 36.5 MKz
1p - 10 mAdc

L3 A Vps — 20 vde
ouTPUT Device case grounded
R =500 IM test tones — 11 = 449.5 MH1_ 12 = 450.5 MHz
Ct1 =110 p! Joh Air variable .

C2, €5 = 100 pf feea thru Dutton capacitor.
3. C4, C6 = 0.5-6 pt Johanson Air varianie trimmer,

Ll* 18" » 1/32 x 1-5/8" copper bar
L2, L4 = Ferroncube VK200 choke.
L3 = 1/8" » 1732 % 1.7/8" copper bar.

v | v
S SHIELD o

Amplifier power gain and IMD products are a function of the load impedance. For the amplifier design shown above with
C4 and C6 adjusted to reflect a load to the drain resulting in a nominal power gain of 9 dB, the 3rd order intercept point
(1P} valie is 29 dBm. Adjusting C4, C6 to provide larger load values will result in highér gain, smaller bandwidth and lower
1P values. For example, a nominal gain of 13 dB can be achieved with an intercept point of 19 dBm.

FIGURE 13 — TWO TONE 3RD ORDER INTERCEPT POINT

40
D T = OINT.
U310 JFET RO QRDER INTERCEPT POINT T

_  *10—vgg 20 vac =7

s 1p = 10 mAde 1L

2 MFresssum 7

=z 1 ;

£, F2s 450.5»4%4: A / -~

= 4

14 FUNDAMENTAL OUTPUT ] y:

= -4 7

H s

e -

: 60 Example of intercept point plot use:

= 0 Pa 3R0 ORDER IMD OUTPUT Assume two in-band signals of -20 dBm et the smplifier input.

5% Thay will result in 8 3rd order IMD signel st the output of -90

° -100 / / aBm. Also, sech signal levet st the output wilt be - 11 dBm, show-
ing an smplifisr gain ot 9.0 dB end an intermodulation retio (IMA)
capability of 79 d8, The gein and IMR values spply only for signat

~-120
120 ~100 30 -§5 -40 ~20 0 +20 fevels below compression.
INPUT POWER PER TONE {dBm)
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National
Semiconductor

LM78XX Series Voltage Regulators

General Description

The LM78XX series of three terminal “regulators is.
available with several fixed output voltages making them
useful in a wide range of applications. One of these is’
local on card regulation, eliminating the distribution
problems associated with single point regulation. The
voltages available allow these regulators to be used in
logic systems, instrumentation, HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators these devices can be used *
with external components to obtain adjustable voltages
and currents. . _ .. A . “ N\Y

12

EERl

. vt

The LM78XX series is available in an aluminum TO-3
package which will allow over 1.0A load current if
adequate heat sinking is provided. Current limiting is
included 1o limit the peak output current to a safe value,
Safe area protection for the output transistor is provided
to limit internal power dissipation. If internal power
dissipation becomes too high for -the heat sinking
provided, the thermal shutdown circuit takes over
preventing the IC from overheating. ~— - - - -

(%)
iy

JN kg T
of external components. It is not necessary to bypass the
output, although this does.improve transient respanse.
Input_bypassing is needed only if the regulator is located

far from the filtercapacitor-of-the-powessupply.

For output voltage other than 5V, 12V and 15V the
LM117 series provides an output voltage range from
1.2V to 57V.

Features

® Output current in excess of 1A ..
® jnternal thermal overload protection .” ° ~

8 No external components required - rrix, 57
® OQutput transistor safe area protection o

= [nternal short circuit current limit .

u Available in the aluminum TO-3 package

Voltage Range
LM7805C sV

LM7812C 12v
Considerable effort was expended to make the LM78XX LM7815C . 15¢
series of regulators easy to use and minimize the number
Schematic and Connection Diagrams Metal Can Package
TO-3 (K)
Aluminum
\J
-~ meyt gne
UTPUT -~
2Ae o (/
| o o)
sv [
T s
n mey?
S0T108 VIEW
:: e Order Numbers
> S LM7805CK
L wrret LM7812CK
< g LM7815CK
:: ~1) Ses Package KCO2A
¢ Ve
b
E e Plastic Package
> * T0-220 (T)
o
. = surrur
3 e 680 ——| O |
;» 1 [ wwm
- ID’VI!'_
Order Numbers: h
LM7805CT -
LM7812CT
LM7815CT
=1, See Packsge TO3B
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LM78XX Series

Absoiute Maximum Ratings

Input Voltage (Vo = 5V, 12V and 15V}
Internal Power Dissipation (Note 1)
Operating Temparature Range (Ta)

35v
Internally Limited

0°Cto +70°C
Maximum Junction Temperature
(K Package) 150°C
(T Package) 125°C

Storage Temperature Range ... : .- —65°Ct0+150°C
Lead Temperature (Soldering, 10 seconds) .

* TO-3 Package K e e e g S
TO-ZZOPackageT sektae e oty 230°C

.- - o . o

Electrical Characteristics LM78XXC ot 210

300°C- -

°C € Tj € 125°C unless otherwise no'ted.

OQUTPUT VOLTAGE 5V 12V 15V
INPUT VOLTAGE (unless otherwise noted) 10V 19V 23v UNITS
PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX] MIN TYP MAX | s
Tj=25°C, 5mA < o< 1A 48 5 52 1115 12 125)144 15 15.8 \
Vo Output Voitage PD<ISW. SmACIg< 1A ~ 4.75 . 525|114 12.6 |14.25 15.75 v
VMIN € ViN € Viax (TS VNS 20) |(145¢ VIN € 27} } (17.5< Vi < 30) v
Tj=25°C 3 50 4 120 4 150 mv !
AViN (TS ViNE25) [(145¢ VIN € 30) | (17.5< Viy <€ 30) v
} )
e e e ) 120 %0 mv i
g AViN (8% Vin € 20) (15 VIN< 27) | (18.5< Vi < 30) Vo
AV, i i
0 Line Regulation T[=25°C = 150 150 T
YRR AViN (738 ViN&20) | (146< vy & 20| (17.7¢ VIN € 30) v,
& 0°< Tj< +125°C 25 60 . 75. mv |
aviN B< IN<12) (16€ VNS 22) | (20< Vi < 26) \R
Ti=25°C SmA & ig < 1.5 10 50 12 120 12 150 mv
4AVo  Load Regutation ! 250 MA < Ig € 750 mA 25. 60. 75 mv
SmA< i< 1A, 0°Ck T < +125°C 50 120 150 mv
. Tj=25°C 8 8 8 mA
ia Quiescent Current lo < 1A 0°C < ¥j < +125°C 85 85 85 mA
SmA<ig< 1A 0.5 0.5 0.5 mA
. Tj=25°C, o< 1A 1.0 1.0 1.0 mA -
alg g:;‘n?:"‘ CES P VIN € VMax y (15 ViN < 20) | (14.8< Vi < 27) [ (17.9< Vi < 30) v .
Io < 500 mA, 0°C < Tj+125°C 1.0 1.0. 1.0 mA
VMIN € VIN € Viax i (TS VINK25) |(14.5< VN <30} | (17.5¢ VIN € 30) v
VN Output Noise Voltage| Ta = 25°C, 10 Hz < f € 100 kHz 40 75 90 d
108 1A Tj=25"Cor 62 80 55 72 54 70 dJB8
aviN MeNee f=120Hz { 19< 500mA 62 55 54 a8
avoyy PPIe Relection 0°C< Tj< +125°C . , .
VMIN € VIN € Vgax [ B< Viy < 18) (1S€ VN € 25) [18.5< vy < 28.5) v
Dropout Voltage Tj=25°C, igyt = 1A 20 20 20 v
Output Resistance |t =1 kHz .8 18 . 19 me
Ro  Short-Circuit Current Tj=25C 21 1.5 . 1.2 A
Peak Output Current Tj=25°C 24 24 2.4 A
Average TC of Vout [0°C< Tj< +125°C, lo=5mA 06 15 1.8 mvi*C
Input Voltage .
VIN  Required to Maintain Ti=25C.l1g < 1A 73 146 17.7 v
Line Regulation i )
NOTE 1: Thermal resistance of the TO-3 package (X, KC}is typically 4°C/W junction to case and 35°C/W case to smbient. Thermal of the

T0-220 package (T} is typically 4°C/W junction to case and 50°C/W case 10 ambient,

NOTE 2: All ch istics are ed with

s

8cross the inut of 0.22 uF, and » capacitor scross

cept noise valtage and rippls rejection ratio are d using pulse
changes in internal temperature must be taken into account separately.

ques (tw < 10ms, duty

the output of 0.1 ,F. Al characteristics ex-
cycle € 5%). Output voltage changes due to

B
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Maximum Average Power

Quiescent Current

Typical Performance Characteristics

Maximum Average Power
Dissipation

Quiescent Current

Peak Qutput Current

Dissipation
s T % 35 T
L wemare 103 J' ! ] I } l ] ] toze IVgyr 10 MY
NEAT SINK INFINITE HEAT SINK 3
s 20 = 0 <
E L] x . - < - b
z P = .25 N
2 2~ = T.25¢C ]
P WITH 10 CW REAT SINK = ¥ 2 1B *rz
- & = e
2 h ] R/, N
s 1t el
p A\ e M ST WA 10 oW REAT SIRK B , N\
$ P s — s Ty 125°C
14 N0 HEAT SINK ] | ] 3
< s s A\
L NO HEAT SINK Ll s e aeee
. 1t . o LLLTTT] [
~75-50-25 0 25 50 75 100 125 s 2 ] LT S0 5 w23 %N
AMBIENT TEMPERATURE { C) AMBIENT TEMPERATURE [ €1 . INPUT TO QUTPUT DIFFERENTIAL (V)
Qutput Voltage (Normalized .
o
to 1Vt ¥; = 25 [~} Ripple Rejection Ve *  Ripple Rejection .
_1ete —r—t— . ] -
z Vin - Yoyt * SV o "
;lﬂi tgur = S mA T e y
2 - .
= s S w
g : :
- 0935 =1 e =
2 = ° |+ L
£ om0 = 7
o
aps S "
g & £ = 120002
2 o8 E | ViN-Vour = #Vpg - 35 Vims £ 80 - Viy-Vogr = 8 Vpe + 35 Vims —]
2 sms | lour+ 14 s loyr = 1A
g Fye2sc 72 ]
[0 5 ' . A L
~75-50-25 0 25 50 75 108125 159 ¢ 5 e 15 0w 2
JUNCTION TEMPERATURE ( C) — OUTPUT VOLTAGE (V)
Output Impedance Dropout Voltage Oropout Charactaristics
[ _ 28 s
Vi * 10V =Cour+ 0 H T 7 T T avoyr=100mv LM?905C
- Vout* SV 2 ] [ Tje25 €
Z tout * 500 mA™ "] s 2 lout * 14 s
b} e ¥ . - > ! tour ® 84
H " - s K\ gyt * 500 mA & % 3L
e = /| — - 1§ e { =
S T /= & T : s
§ 'l 1/ -] LU ﬁl\ g e .
2 CooT = 14F 5 = i
- 1 oy + 0 TS TouT * 560 mA J
2 2 T
2 on TANTALUM H oyt £ Ioul
3 - 2 1 > ggut e 1A
= 05 |
s ¥ l [
2
3
0ser L = e [
WM w1 1oe M ~1S-50-25 8 25 50 75 108 125 150 o2 4 LI
FAEQUENLY (Hz) JUNCTION TEMPERATURE ( €) INPUT VOLTAGE (V)

85
] T T
Vig s v Vour* SV
Voyuy = SV —
2 1oyt~ SmA s & plouT=10ma
£ s Y X e
M = 55 L
g £ ——
3 [ st
S 48 = A 1 .
i \ L) _
[ -4 - -
. = =
§ g s
¢ 4 g
3 .9
18 35 -
~75-50-25 0 25 58 75 103 125 158 § 1 % W 5 3 38

JUNCTION TEMPERATURE ( C1

INPUT VOLTAGE (V)

o

S XX8.ZIN1

" S9LI9

e




S

SEMICONDUCTOR

&

‘darch 1993

HA-5020 -

100MHz Current Feedback
Video Amplifier

Features

* Wide Unlity Galn Bandwidth ............... 100MHz
* SlewRate ..oiiiiiniiiiriieiareinenen 800V/us
¢ OutputCurrent.............o.oovan..... +30mA (Min)
Drives 3.5V Into 75Q

Differential Galn..........covvvvnnnenn....0.025%
Ditferential Phase.......ccc0veunnenan...0.025 Deg
Low Input Voltage Nolse................. 45nV/AZ
Low Supply Current. ..... [ 4 N—— 10mA (Max)
Wide SupplyRange..................... +5V to 15V
* Output Enable/Disable

High Performance Replacement for EL2020

*

.

Applications

Unity Gain Video/Wideband Butfer

* Video Gain Block

Video Distribution Amp/Coax Cable Driver
Flash A/D Driver

Waveform Generator Output Driver

Current to Voltage Converter; D/A Qutput Buffar

* Radar Systems

Imaging Systems

Description

The HA-5020 is a wide bandwidth, high slew rate ampilifier
optimized for video applications and gains between 1 and
10. Manufactured on Harris' Reduced Feature Complemen-
tary Bipolar DI process, this amplifier uses current mode
feedback to maintain higher bandwidth at a given gain than
conventional voltage feedback amplifiers. Since it is a closed
loop device, the HA-5020 offers better gain accuracy and
lower distortion than open loop buffers.

The HA-5020 features low differential gain and phase and
will drive two double terminated 75Q coax cables to video
levels with low distortion. Adding a gain flatness perfor-

mance of 0.1dB makes this amplifier ideal for demanding

video applications. The bandwidth and slew rate of the
HA-5020 are relatively independent of closed loop gain. The
100MHz unity gain bandwidth only decreases to 50MHz ata
gain of 10. The HA-5020 used in place of a conventional op
amp will yield a significant improvement in the speed power
product. To further reduce power, the HA-5020 has a disable
function which significantly reduces supply current, while
forcing the output to a true high impedance state. This allows
the outputs of multiple amplifiers to be wire-OR'd into mufti-
plexer configurations. The device also includes output short
circuit protection and output offset voltage adjustment.

The HA-5020 offers significant enhancements over compet-
ing amplifiers, such as the EL2020. Improvements include
unity gain bandwidth, slew rate, video performance, lower
supply current, and superior DC specifications.

The HA-5020 is available in commercial and industrial tem-
perature ranges, and a choice of packages. See the “Order-
ing Information” section below for more information, For
military grade product, please refer to the HA-5020/ 883 data
sheet.

Pinout

HA-5020
(PDIP, CDIP, SOIC)
TOP VIEW

—
paL [4] DISABLE

=N E:blﬂ Ve
+IN E B ouT

v-[4 5] BAL (Noto 2)

Ordering Information

PART TEMPERATURE

NUMBER RANGE PACKAGE
HA3-5020-5 0°C to +75°C 8 Lead Ptastic DIP
HA7-5020-5 0°C to +75°C 8 Lead Ceramic DiP
HASPS5020-5 0°C 1o +75°C 8 Lsad SOIC
HA3-5020-9 -40°C to +85°C 8 Lead Plastic DIP
HA7-5020-9 ~40°C 1o +85°C 8 Lead Ceramic DIP
HA0-5020-6 “40°C 10 +85°C DIg

ON: These devices are sansitive to alectrostatic discharge. Users shoukd follow proper I.C. Handling Procedures.
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Specifications HA-5020

Absolute Maximum Ratings (Note 1) Operating Temperature Range
Voltage Between V+ and V- Terminals.. ............ araese. Y HAB020-5. . iiiiiiiiiinericannsincnnnnn 0°C ST, s +75°C
DCInput VORAQ® ..c.oeenvrnniennninnesionscnnennenas Veuppry HA5020-9......ciuviiiienniecnvrnnnannss ~40°C < Ty < +85°C
Differential Input Voltage. . e coevevecnncnnnrnnnn. cestaeas 10V Storage Temperature Range...... ....... ~65°C < T, < +150°C
OutputCurrent . . ..coeveeenennnn.. +. . Short Clrcuit Protected  Thermal Package Characteristics (°C/W) (1% 0,4
Junction Temperature (No19 19). . veveeevnvnennn.. vees #175°C Plastic DIP. co'vvsenncvsanacnccnes eeees 34 96
Junction Temperature (Plastic Padcage) (Note 19) ....... +150°C CeramicDIP .......... terenveens veee. 357 115
SOIC cviviiiiienirrensnrsasnnceansnn “43 158
CAUTION: Stresses above thoss listed in ‘Absoluts Maximum Ratings® may cause permanent damage to the device. This is & stress only rating and operation
of the device at these or any other conditions above those indicated in the op ! sections of this specification is not implied.
Electrical Specifications Vs = +15V, V- =15V, Re = 1k, A, = +1, R = 4000, C, < 10pF,
Unless Otherwise Specified
HA-5020-5, -9
PARAMETER \ TEMP. MIN , TYP 1 MAX UNITS
INPUT CHARACTERISTICS
Input Offset Voltage (Notes 2,20)  ~  ~ +25°C - 2 8 mv
Full - - 10 mv
Average Input Offset Voltage Drift Full . 10 - uvre
Vio Common Mode Rejection Ratio (Notes 3, 20) +25°C 60 - - dB8
Full 50 .- - dB
Vio Power Supply Rejection Ratio (Notes 4, 20) +25°C 64 - - d8
Full 60 - - ds
Non-Invarting input (+IN) Current (Note 20) +25°C - 3 8 HA
Full - - 20 pA
+IN Common Mode Rejection (Nots 3) +25°C - - 0.1 RAV
Full B 3 0.5 AV
+IN Power Supply Rejection (Note 4) +25°C - - 0.06 pAav
Fult - - 02 pAV
nverting Input (-IN) Current (Note 20) +25°C - 12 20 pA
. Full - 25 50 RA
<N Common Mode Rejection (Nota 3) +25°C - - 0.4 RANV
Full - - 0.5 pAV
-iN Power Supply Rejection {(Note 4) e = +25°C - - 02 pANV
Full . . 0.5 AV
TRANSFER CHARACTERISTICS
Transimpedenca (Note 20) +25°C 3500 - - V/mA
Full 1000 - - V/mA
Open Loop DC Voltage Gain {Note 12) +25°C 70 - - a8
A =4000, Voyr = 210V Full 65 - . dB
Open Loop DC Voltage Gain +25°C 60 - - a8
R = 1000, Voyr = 2.5V Full 55 . . 8
OUTPUT CHARACTERISTICS : -
Output Voltage Swing (Note 20) +25°C 1o +85°C 112 $12.7 - A
-40°C t0 0°C 111 1118 - - v

2-458




Specifications HA-5020

Electrical Specifications v+ = +15V, V- x-15V, Re = 1k, A, = +1, Ry = 4000, C, S 10pF,

Unless Otherwise Spacified (Continued)

HA-5020-5, -8
PARAMETER TEMP. MIN TYP MAX UNITS
Output Current +25°C +30 1317 - mA
{Guaranteed by Output Voltage Test) Fult 127.5 - - mA
POWER SUPPLY CHARACTERISTICS
Quiescent Supply Current (Note 20) Full - 7.5 10 mA
Supply Current, Disabled (Notes 5, 20)) Full - 5 7.5 mA
Disabie Pin Input Current (Note 5) Full - 1.0 15 mA
Minimum Pin 8 Current to Disable (Nota 6) Full 350 - - pA
Maximum Pin 8 Current to Enable (Nots 7) Full - - 20 pA
AC CHARACTERISTICS (Ay = +1)
Slaw Rate (Note 8) +25°C 600 800 - Vius
_ Full 500 700 - Vips
Full Power Bandwidth (Note 9) +25°C 9.6 12.7 - MHz
(Guaranteed by Slew Rate Test) Full 8.0 1.1 - MHz
Rise Time (Note 10} +25°C - - ns
Fall Time (Note 10) +25°C - - ns
Propagation Delay (Notes 10, 20) +25°C - 6 - ns
-3dB Bandwidth (Notes 11, 20) +25°C - 100 - MH2
Settling Tima to 1%, 10V Output Step +25°C - 45 - ns
Settling Time to 0.25%, 10V Output Step +25°C . 100 - ns
AC CHARACTERISTICS (A, = +10, Rz = 3830Q)
Slew Rate (Notes 8, 12) +25°C 900 1100 - Vips
Fult 700 - - Vips
Full Power Bandwidth (Note 9) +25°C 143 17.5 - MHz
(Guaranteed by Slew Rats Test) Full 11.1 - - MHz
Rise Time (Nota 10) +25°C - 8 - ns
Fall Tima (Note 10) +25°C - 8 - ns
Propagation Delay (Notes 10, 20) +25°C - 9 - ns
~3dB Bandwidth {Note 11) +25°C - 60 - Mz
Settling Time to 1%, 10V Cutput Step +25°C - 55 - ns
Settling Tima to 0.1%, 10V Output Step +25°C - 90 - RS
HARRIS VALUE ADDED SPECIFICATIONS
Input Nolsa Voitage (f = 1xHz) (Nota 20) +25°C N 45 - nvNHZ
+input Noise Current (f = 1kHz) (Note 20) +25°C . 25 . pAnHz
-Input Noise Current (f = 1kHz) (Note 20) +25°C - 25 -  pAWHZ
Input Common Mode Range Full 10 112 . v
-Ibias Adjust Range (Note 2) Fui 25 140 - pA
Overshoot (Note 20) +25°C - 7 - %
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Specifications HA-5020

Electrical Specifications v+ =+15V, V-a-15v, Re = 1kQ, Ay = +1, Ry = 4000, C_ < 10pF,

Unless Otherwiss Specified (Continued)

HA-5020-5, -9

PARAMETER TEMP, MIN TYP MAX UNITS
Output Current (Short Circuit, Notes 13, 20) Ful 50 65 - mA -~
Output Current (Disabled, Notes §, 14, 20) Full - - 1 pA
Output Disable Time (Notes 15, 20) +25°C - 10 - us
Output Enable Time (Notes 16, 20) +25°C - 200 - ns
Supply Voltags Range +25°C 5 - 15 \4
Output Capacitance (Disabled, Notes 5,17) +25°C . 15 - pF
VIDEO CHARACTERISTICS
Ditferential Gain (Notes 18, 20, 21) +25°C . 0.025 - %
Ditlerential Phase (Notes 18, 20, 21) +25°C - 0.025 - Degrees
Gain Flatness to SMHz +25°C - 0.1 - dB
Chrominance to Luminance Gain (Note 18) +25°C - 0.02 . dB
Chrominance to Luminance Detay (Note 18) +25°C - 0.3 - ns

NOTES: \

1.

2,

o v oA ow

10.
11.
12,
13.
. Vour = 210V.
15.
16.
17.
18.
19.

20.
21.

Absolute maximum ratings are miting values, applied Individually, beyond which the serviceabliity of the circuit may be impalred. Func-
tlonal operation under any of thess conditions s not necessarily implied.

Suggested Vg Adjust Circuit: The inverting input current (-Ibias) can be adjusted with an external 10kQ pot between pins 1 and 5, wiper
connected to V+. Since -Ibias flows through the feedback resistor (Re), the result is an adjustment in offsat voltage. The amount of offset
voltaga adjustment is determinaed by the value of Re (AVips = A-Ibias*Rg). -

. Veu = 210V,

. 34,5V S Vg < £18V,

. Disable = OV.

. R =100Q, Viy = 10V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output

Is considered disabled when -10mV Vour S +10mV.

. Vi = OV. This is the maximum current that can ba pulled out of the Disable pin with the HA-5020 rermaining enzbled. The HA-5020 Is

considered disabled when the supply current has decreased by atleast 0.5mA.

. Vour switches from =10V to +10V, ot from +10V. to -10V. Specification is from the 25% to 75% points.

Slew Rate

FPBW = ————; Vo, = 10V.

22VpEak
Ry = 1000, Voyr = 1V. Measured from 10% 1o 90% points for risaffall times; from 50% points of input and output for propagation delay.
Ry = 400Q, Vour = 100mVv.
This parameter s not tested. The limits are guaranteed bassd on lab characterization, and reflect lot-to-lot variation.
Vin = £10V, Vour = OV.

Vin = +10V, Disable = +15V to OV. Measured from the 50% point of DSabie to Vout = OV.

Vi = +10V, Disable = OV to +15V. Measured from the 50% point of DSabia to Vour = 10V,

Vin = OV, Force Vgyr from OV to =10V, tq =t = 50ns.

Measured with a VM700A video tester using & NTC-7 composite VITS.

Maximum power dissipation, inciuding output load, must be designed to maintain junction temperature below +175°C for ceramic pack-
ages, and below +150°C for plastic packages.

See “Typical Performance Curves® for more information. ..

Ry = 1500 ’
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HA-5020

Die Characteristics GLASSIVATION:
Type: Nitride over S;‘lxx
DIE DIMENSIONS: Silox Thickness: 12! ki
1640.m x 1520um x 483um 25.4um Nitride Thickness: 3.5kA + 1kA
METALLIZATION: : TRANSISTOR COUNT: 62

Type: Aluminum, 1% Copper
Thickness: 1 +2

WORST CASE CURRENT DENSITY:
5,77 x 10* Alcm? at 30mA

SUBSTRATE POTENTIAL (POWERED UP): V-

PPROCESS: High Frequency Bipolar Dielectric Isolation

DIE ATTACH: C
«+. Material: Epoxy - Plastic DIP and SOIC
’ Gold Eutectic - Ceramic DIP

Metallization Mask Layout
HA-5020

BAL DISABLE Ve

<N

B3R 71A_91A

out

«IN

Ve BAL
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HA-5020

Typical Performance CUrves Vsymy=#15V, Ay = +1,Rg = 1kQ, R = 4000, Ta = +25°C,

Uniess Otherwise Specified
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HA-5020

Typical Performance CUrves Vgmy =115V, Ay= +1, Re = 1k0, R, = 4000, Ty = +25°C,
Unless Otherwise Specified (Continued)

FIGURE 7. DISABLE SUPPLY CURRENT vs SUPPLY VOLTAGE
Average of 30 Units from 3 Lots
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HA-5020

Typical Performance CUrves Vsyey =215V, Ay = +1, g = 1k0, Ay = 4000, Ty = 425°C,
Unless Otherwise Specified (Continued)
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HA-5020

Typical Performance Curves vy =115V, Ay = +1, Rp = 1kQ, A = 4000, T, = +25°C,
Unless Ctherwise Specified (Contlnued)
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HA-5020

Typical Performance Curves

Vsuppy

Unless Otherwise Specified {Continued)

FIGURE 25. LARGE SIGNAL PULSE RESPONSE
Vertical Scale: Vi = SV/DIV.; Vour = SV/DIV.
Horizontal Scala: 50ns/Div.

= £15V, Ay = +1, Rg = kS, Py = 4000, Ty = +25°C,

70
Tes
5 Rioap = 1002 |+
b Vout = 1VP-p L~
% 6o
£ /
§ /
865
S

50

€0 40 20 O 20 40 60 80 10¢ 120 40

TEMPERATURE (°C)

FIGURE 26. PROPAGATION DELAY vs TEMPERATURE
Average of 18 Units from 3 Lots

11.0 I 8
—
Ay n+10 ] Vour = 100mVp-p, Cy = 10pF »
. 10.0 T~ (Rp = 3830) — l l |11
£ K ilLidda =
5 o0 ,.w_pq..a/’T — |41
a8 -~ 5 d
Z a0 — § A=+l L
« — Ay 42 € |Veyppry= 215V //
§ 7.0 i g d P oa
Aymel e
< Rioap= 1000 | ——tee | _Avedt
6-0 = vour = 1Vp-p == A
N LI
3 3 7 9 1 13 15 0 200 400 800 800 1000
SUPPLY VOLTAGE (V) LOAD RESISTANCE (Q)
FIGURE 27. PROPAGATION DELAY vs SUPPLY VOLTAGE FIGURE 28. SMALL SIGNAL OVERSHOOT vs LOAD
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FIGURE 29. DISTORTION vs FREQUENCY

FIGURE 30. DIFFERENTIAL GAIN vs SUPPLY VOLTAGE
Average of 18 Units from 3 Lots
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HA-5020

Typical Performance CUrves veypy =115V, Ay= +1, R = 1k, R = 400Q, T, = +25°C,
Unless Otherwise Specified (Continued)
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FIGURE 31, DIFFERENTIAL PHASE vs SUPPLY VOLTAGE
Average of 18 Units from 3 Lots
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FIGURE 32. SLEW RATE vs TEMPERATURE
Average of 30 Units from 3 Lots
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