¢ TELEDYNE PHILBRICK

1435/1435-8

HIGH FREQUENCY
FAST SETTLING
OPERATIONAL AMPLIFIER

The 1435 143581 is an Ulira-Fas) DEferential lnput Opera-
tional Asmplifier designed For ilse precision amplification off
wide hani comples waveformms with frequency componenis
{ram DC o one Gigabenz, By precision i meaisl galn acour
gicles of 0015, This b redlecied in the sstilmg time specii-
eation of T nanosscosds (o 0.00% far a 10 voll surpud step

Such perfarmance is made posible by 8 wnigue design with
high apen boop galn, fet frequency reipanse bevoed 100 kHz
and smooih 6 dBfoctave mallaff beyond 100 MHz (see Bode
plot, Fig. 1. When handling complex wavilarms sch 13
spaure palses, overthoot i less than 1% af sty pulse smpli
JTT

Applicaticns for ihe 1435/ 1435-63 sre based on ising il pre-
cision capabilities of the basic differtabial inpat op amp at foe-
quencies kigher then ever befoce posible. These include 20 o
20 B pubm differemidal fnpot video micers with 0L1% gain xg
hility; peak dececton {and sample & holds) which can caprore
25 panosecand pulses to 18 acciraey and 70 naowecond pulses
to OLO1% aceuracy; Video & 1o D Coswveriers and DAL s, amd
suh=microseoend precision mnalog compareiarn

ML STD B23 PROCESSING
The 143583 is processed 1o MIL STD B23, neluding Temp-
eramure Cycling amd 168 bouss of Bum 1s {ste teble, page 43

The 1435 has the same processing les Temgesatuee Cyeling
anid Hurms In.
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Figurs 1. Opan Loop Tees enil Poss v Freguency

RARIC CONNECTIONS & WIRING TECHNIGUES

Figare 2 Mustrates the hasic connections requised for the 1435
in schematic Form asd with & nagested physical layeat. The
syt is shown ko @uiteate the wiring techniquses required to
clsialm the specified high frequensy/time mespomse [rai the
1435, The eireait should be hudlt oo o ground plane wiik ms-
irmim lengih point 1o poini conmections dirsctly to smplifier
pine. 1M a socket is necesary, il should be af Tedlan such as
ihe Augai Madel 1 14-4G-24. Remember, 1000 ohms and
1) pF proides a tise comatant of 10 nsec
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Mil Siel 383 Procesing (1435-81)
Gigaheriz Gain Bandwidih Prodoct

T0 nsec Setiling (o 00179
CMEHR 60 dB & | MHz

=557 b +1 25°C Operatinn
APPLICATIONS

Radar & Sonar Skeieal Processing
Micrownve Transmitter Modakstom

Graphic CHT Displays
Linear Video Mivers
Vileo ADC, DAC, 5-H
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Moie should e cken in wsing the output crcwit of the 1435
o nmke sure flzan For mesl applicaticon plos 2 and 13 are
conpgeted iogethor. When oang & boosler ad in Figure 5

they mre pat connecied topeiber.

Stabality and Compansation

Shown b 8 cirosit gain af oe (gverter i Figure 3, ihe 1435
opstrites im any of the comvweniionad op amp elreulis includ-
ing the Followes, Cusrent to Voltage Canverter, bntegratos,
etc. However, il musd be wsed a8 & “naolse gain™ of af least 2.
(Mabse Gain = 1+ R'ByK). That is, it can operste 2= 2 gai

af one inverter or differemiial ansplifier, bat as a folfower i1
musi opesmte wiih & gain of al least 2 (see Figure 30 As an |
o Vit st absa e “moise mined™ {s2e Figuee 4}

Capaiator C1 i Figuze 2 & a 2 p¥F compensation device and
ol he used when il noise gain iv les than 10 for gahle
nperaiiog.

B3, the resistor connected 1o pin B, the + mput, provides
dompemmiion for ks currenl. s valos shauld be that of
By and Ry in parsdled, The 1K Eo Trim or Balimce Poi
optional, The | uF by-pass capecttor coamecled o pim |
requined anly when the feedhsck circuit i being suiiehed
electronically .
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Figars 1. TLIGTEFG-83 m High impedance lmput
Ful lowenr Wit o (nhovsin with GL& IN=2]

45

A3 D03

When opéruting at the kow impedance requined of the 1434,
caré ghould be taken fo includs the Joad provided by the
feadhsck resistor in calculating the total outpat load af the
ampdifier.

Operatien A A Followsr

Whien aperated = o Tollower, the 1435 must have @ “nots
gain™ af at keast 2. In sdditian, high common mede ispun
inspedance and |ow bBlas current wiv wsnlly requived. Figun
3 shows the 1433 connecied s @ “lollower with gais of 7,

fihat is, 1 + -::—=]]'n‘=1h.IMFI:—J'u"ﬁaurl;3_Fu1lmh

er” conmechid io each mpur. These FET'S raise input Z 1o
thoussnds of megahns, and redugs biss cusrent to bundreds
al picoamps. Both more il sulTisen for ihe impedanse
imvalved.

Operitian Ay & Current to Voltage Convarter

Like the Follower, Current o Voltage Converier opersiion
recquires low by, High Z, end “Nobe Gain”. These are ab-
taimed in the cireait of Figure 4, with FET sgain providing
the incresse in inspedance, The “Moise Gain™ i provided by
R and R2 per the equation NG = 1 r%—.mmm

the adided advaninge of making By, the carment snsing reds-
bar, “leak"™ bagger than i1 s by the WG fectoe, b ile fray
capaclty seross it which lowers high frequency respamse sees
ihe actual Rf. Thes the circuli of Figare 4 ban o Gl scale
sentitiviey (25 W e for S50 A inpur,

cHoro

FliLl Brwi @ BPRRITTENTY o 0 ol

oy = =l A Mo Senl
e it & A7

o= =l BLY + RTA2I

wn =~ A7 |1 = A1 1087 + ApifiAg - Wil
i avsy walus ul Ay

Mo G el b = 3

C Comp = O 1T Mobs Gan = 10

Figars &, TAISMEIS-AY m Fomi Corram 10 Vollegs Coreamar

Dhperation As &n Intsgratar
The 1423 & nperatod as an integacor by sgain adding FETs
ty the dnguts and eeplocing By with & capacidon of up ta
& pF {Tor stable operation),



‘!4353' 1435-83

Operation With £100 mA Output

When it is necessary to drive a load of less than 500 ohms
with the full £5 V 1435 output, the circuit of Figure 6 is
used. This conventional booster will drive £100 mA into 50
ohms in parallel with 70 pF and not oscillate, With a 10 pF
load it will provide 0.01% settling in 100 nsec. Thus the
1435 can drive 50 §2 co-axial cable. This booster circuit can
be used with the circuits of Figures 3 through 5 and at high-
er “noise gains™.

1 wF g0l tanta:
fum connected

directly 1o col:
fector

TR 8

&

AL >800
C % 76 6F for Stabllity

250,
LN ?

=

Figure 5. Booster

V4T5/1435-83 conntcted to Ling
Driving Boostar Circult shown drives
5 W pulies inte B0 10 with 100 naes
santiing 1o 0.01%, 60 nec settlng 10
0% [capacitive lowd = 10 0F)

1 uF woild tantalum
connecred directly to
traniter codleeton

SETTLING TIME MEASUREMENT

The measurement of anything to one part in 10,000 (0.01%)
requires care. The measurement of amplifier settling time of
under 100 nanoseconds to that accuracy requires great care.
Teledyne Philbrick measures 1435/1435-83 settling time in
the circuit of Figure 6. The Settling Time Test Point or
“settle point” is connected to an emitter follower buffer
for 0.1% measurement and a gain of 5 buffer for 0.01%.
For a detailed discussion of these measurement techniques,
see TP Model 1430 data sheet.
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Figure 6. Test Circuit
SPECIFICATIONS
CMRR vs Frequency & Settling Time vs Noise Gain

In addition to Open Loop Gain vs Frequency (Figure 1) it is
useful to have several other 1435 parameters as a function
of frequency or time. Since a major application is as a high
frequency differential amplifier, a plot of Common Mode
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Rejection vs. Frequency is prowded in Figure 7. Figure 8
shows settling time vs noise gain to indicate performance up
to a gain of 10 as an inverter or 11 as a follower.
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Figure 8. Typical Settling Time vs. Noise Gain

Operation Above 85°C

In order to operate the 1435/1435-83 from +85 to +125°C,
it must be used with a 20°C per watt heat sink. A suggested
device is the Thermalloy Model 6007A*, modified as shown
in Figure 9by removing the two fins at each end and adding
the aluminum “*hold down bar”. Heat sink compound must
be used between the 1435/1435-83 and the heat sink.

ALUMINUM HOLD DOWN BAR
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Figure 9.1435/1435-83 Heat Sink Assembly



SPECIFICATIONS @ +25°C, Ve = #16 V, R|_ = 600 0, unless otherwise

1435/1435-83

indicated. ' '
i WARNING: To maximize frequency response the
GUABANTEED . "
OUTPUY RANGE 1435 has NO input protection. Therefore, these
oltag gV wy -
St 14 mA a0 mi precautions MUST be taken:
VOLTAGE GAIN (de Open Loap)
b i - 1. Do not apply +Vg¢ before Ve
T v 4 2. Do not apply Voltage to either input pin
Small Signal (Galn Bandwidth Product) & 1000 MH, 700 MH: ] H H 2
o T T e e sl e (7 & 8) prior to application of ¥V
Sine Wave Power Out, max. 10 MHz BMHr () =05 pF) cda 1 A
Mook o8 P Con T s st s ot ps OR 3. Provide input protection per Figure 10.
Capecitive Load without omu.ﬂm. max. (NG »2)  — 1000 pF_ (Cy = 3 pF)
TIME RESPONSE (Inverting snd Nonlnverting) ©
Settling Time &
10V Step to within 2.5 mV (0.025%) 0 nsec Tonwe  (Cf=1 pF)
10V Step to within 1 mV (0.01%] 70 nsec —= (C1=1pF)
5V Suep to within 50 mV (1% 25 mec —_—
&mV (0.1%) A0 ngec B0 nuee
1V Step to withia 10 mV (1%) 10 mee —_
1 mv (0.1%) 20 nyec —
Sew Rate @ 300 Viusec T50 Vimec (Cy = 06 pF)
. % —
' Propegation Delay 6 nsec ———
Rise Tirne (10 V step) 40 raee —
Ouertosd Recoviry Time B0 e e
INPUT VOLTAGE RANGE/CMRAR/TMPEDANCE
Comman Mods for de Linear Operation My oV
Commen Made Fault, sbsolute max, —— Vee
Differentis] Batween Inputs, max. —_ 12V ez dli imi .
Comaion Mot Rafecthort Rl 515 .06 548 Series diodes eliminate effects of diode
Comman Mode Rejection Ratio st | MHz @ 70 dB e paci an
Ingut lelﬁmml 1 MIN2 pF —_— R
Ingwt 2.5 KQli2 pF ——— Figure 10. Input Protection
INFUT OFFSET VOLTAGE
Initisl (without External Trim) 2 mv 5 my {=: J088MAX
Zero Adjustment [optional) — 1 Kl pon o
Vi Temperature (Avg. -55'C to #125°C) (143583)  15.V/°C £25uV/°C
(Avg. ~25°C to +85 °C) (1435) 5 V/'C 125 uv/°c
Wi Powar Supply (PSRRA) 0,15 MY/ VoY e S
INPUT BIAS CURRENT
Initial {withaut External Trim) 1024 20pA 0.105 MAX
Vi. Temotruture (Avg. -55°C 10 +125°C1{143583)  —— 100 nAJ°C . (0.6}
-5 °C 1o +85 °C) (1435 —— 100 AAL G E *
NOISE (Heferred to Input) ‘
Flicker (0,01 Hz to 10 Hz)
Voltege (Pesk to Peak) 15V — 0.20 MIN
Current (Peak to Peak) 250A — fo.En
Midband (100 Hz te 10 kHz)
Voltage (rms) 1.6 pv e
Current (rs) 25nA ST
Wideband (10 Hz to 1 MHz)
.018 DIA
Voltage (rms) s2uV —
Current (rms) 35 nA —— ‘ ARTDIA
POWER REQUIREMENTS *
Nominal Supply Voltsgs —_—— LAl Ay 1
Supply Volugs Rangs 12w 116 —_— 1 12'2:|
Current & Ve = 216 V — 30 mA @ @ @ @ @ 5
TEMPERATURE RANGE
sisbatheth = S g; our gqaur sVee TRIII ~IN
#1257C with 20°Clwatt heat tink 030 057 MAX
Seig == 05'¢1 160 VIEW TOWARD PINS | @ "tiam
MTBF @ 143583 1.08/10° hours
CASE CURR
uog]:g: S b vt of Froe 2 COM SRACE -VGe NG NG NG #IN
requency Respons ew Fate measurements made in eireult s —
0 Measured at 10 MHz o @ @ @ @ @ @ @
® Setiing Time measured in cireuit of Figure 6. See Figure 8 for plat of Sattling Time va. Noise Gain. g s )
© Ses Figure 7 for plot of CMAR vs Frequency, 3
@ Cakulated per MIL Handbook 2178 31 85°C.
AECOMMENDED POWER SUPPLIES: 2212 or 2403 o 2301, ;;&m t:g;]

SCREENING SIMILAR TO MIL-STD 883 METHOD 5008

| Tem Mathods and Conditions

Putpose

*Internal Visual Method 2017

Ramorn wumilll\r dchni\- units with respect
L , and

*Stabilization Bake
24 hours at 150°C

Maethod 1008, Condition C

Preconditioning trestment to stabdlize circuit
components prior to conducting further testing
and trimming.

*Constant Acceleration
¥y Axis, 10,000 g

Mathod 2001, Condition B

Removes potential fallures due to weak wire o
chip bonding.

*Saal, Fine and Gross
Condition A& C

tion Cy, no bubbles

Method 1014, Fine Leak

Bomb time 1 he, ot 30 psi; Leak Rate
<5 X 107 ccfsec; Gross Leak, Condi-

Verifies Integrity of hermetic pacicage

Burn In Method 1015 Condition B Reduces infant mortality rate
160 hours a1 126°C
Temperature Cycling Mathod 1010, Condition B Removes potential failures dus to weak wire or

!Dmhl llﬂm chip bonding.
¥ +3°%C
ss'c .c to H126°C pap
*External Visual Mathod 20089 Removes defective units with reipact to materials,

comtruction, and workmanthip.,

“ Thete tests are standard for both Models 1435 and 143583,

Dimensions in parentheses are expressed in centimeters.

SCALE FACTOR: 1.7 : 1

Optional Socket: Augat Model 114-AG-2A

Figure 11. Mechanical Dimensions

To obtain the heat sinks mentioned here,

please contact:
Thermalloy

2021 West Valley View Lane

Dallas, Texas 75234

Teledyne Philbrick makes no represantation that wse of its modules
in the circuits deseribed herein, or use of other technical information
contained herein will not infringe on existing or future patent rights

nor do the descriptions contained hertin imply the granting of

enses 1o make, use, of sell equipment constructed in accordance there-

with.

“p* TELEDYNE PHILBRICK

Allied Dnve a1 Route 128, Degham, Massachusetts 02026

Tel. (61713291600 TWX:

17101348-6726 Telex. 924439



