/¥ TELEDYNE PHILBRICK

‘“'25 1027 ‘l 03 FAST-PRECISION SETTLING
- FET OPERATIONAL AMPLIFIERS

Teledyne Philbrick Models 1025, 1027, and 1030 opera-
tional amplifiers have been designed to provide FAST
PRECISION operation. The 1025 is guaranteed to settle to
0.01% of final value in less than 300 nanoseconds while
driving 10 V into 200 ohms. The 1030 operates as a unity
gain follower and drives a 20 V p-p 5 MHz sine wave into
500 ohm load with minimum distortion. The 1030 provides
similar performance as a differential amplifier, or follower
with gain.

GUARANTEED SPECIFICATIONS
1027 1027-01 1025 1030

Unity Gain Bandwidth (MHz) 10 10 50 100

Settling Time (usec) to 0.01% 1 1 0.3 0.5

Slew Rate (V/usec) . 60 60 500 500

Max Sine Power Out (MHz) 0.500 0.500 5.0 5.0

Diff. Input for above specs yes yes no yes

Output Current (£ mA) 20 20 50 20

Offset Voltage vs Temp. (uV/° C) 50 15 50 25 FEATURES

Untrimmed Offset Voltage (mV) 16 15 10 5 ® 250 nanosecond Settling to 0.01% (1025)
Table 1. ® True Differential Operation (1027, 1030)

® 130 MHz Gain Bandwidth Product (1030)

These amplifiers have the open loop gain and dynamic sta- ® Low Drift (1027-01)

bility (freedom from oscillation) to amplify high speed ® 50 mA Output @+10 V @ 5 MHz (1025)

pulses to a precision of one part in 10,000 and sine waves

with less than one percent distortion from dc to 5 MHz. APPLICA“_O'NS

The differential input capability of the 1027 and 1030 ® Fast Precision

make possible the termination of balanced co-ax lines carry- Buffer

ing precision radar signals, wideband RF, IF, or video and Sample & Hold

the output of high frequency acoustic transducers. A plot Video Amp

of the common mode rejection vs frequency is shown in i

Figure 1. Rectifier

®
Since these devices are true differential input op amps, Curtent DAC to Voltage DAC

their dynamic characteristics are inherently the same in
both inverting and non-inverting circuits.

The 1027 has guaranteed specifications superior in speed,
accuracy, load driving capability and ease of use to the TP
monolithic Models 1321 and 1322 at slightly higher cost. In
addition, the 1027 shares the FET input characteristics of
the 1025 and 1030 making all three amplifiers ideal for fast i

integrators, sample & holds, peak detectors, buffers, and H
current-to-voltage converters. The 1025 in particular as an 3w
I-to-V makes a fast current DAC into a fast, 50 mA out vol-
tage DAC. =
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Figure 1. CMRR vs Frequency Model 1030



SETTLING TIME

Settling time is the tofal time required
after application of an input step for a
circwit’s output to finally settle within a
specified emror band referred 1o the
steady-state output value, Seitling time
canniol be predicted from bandwidih
andlor slewing rate snce a siep inpal,
when applied to the amplifier, will cause
the ocwtput to slew at jls maximsm rale
toward the linal value. The output will
wsually overshoot dightly and “ring™ s it
settles toward the final valoe.

Settling time, therefore, Inclades not anly
the slew rate, but the ringing time 2 well.
The error band i generally expressed as a
percentage of the desired output lJevel,
je, 0.01% or | mV for & 10 wolt
amiplifier.

When abserving settling time on an oscil-
loscope the amplifier may appesr to have
seitled (ringlng has cexsed) but the value
is still outside the error band, It may take
& few seconds for this to drift within the
errod band. This phenomenon is called a
"'h:m,g tail™ l:ﬂt F'lg'l.l.n! 4} and is often a
source of error, The long tails make it

€

virlually impossible to calculate settling
time by using slew rate, and ringing
characterisiics as the sole factors. i
should also be realized that knowing the
seitling time to a given accuracy (say
0.1%) is in no way helpfal in extrapolat.
ing the settling time 1o a higher accuracy
such as 0,01%.

If sitling tisme cannol be extrapolated,
calculated, guessed or ignored, it must be
measured, This can be a difficult and mis-
leading task if the proper procedures are
mot fodlowed precizely.

How 1o Mueasure Settling Time

It iz not possible to look for OU1% or
0.01% accuracy directly from an ascillos
sope just by looking at the output
wavelorm. AL high sensitivity (for resalu-
tion), a 10 wolt full scale signal will
greatly ovendrive the scope’s input ampli-
fier to the point that its recovery time
will probably be much worse than the
settling time of mienest.

The test circwit shown in Figure 2 is an
excellent method for stamdard settling

1025/1027/1030

time measurements. In this cleewli, R,
and Ry, are matched 1o Ry, ind Ry When
the AUT has settled 1o + 0.01% of 5 20
volt step in (# 2mV) the settling point (see
drawing) will have settled to £ 1mV. An
FET with bess than 1 pF inpai capaci.
tamce, such asz INS5486, is uwsed a5 @
follower to drive the scope and minimize
the capacitance at the s:ttling point. The
two [MN914%s on the settling point act &
limiters amd the total capacitance at this
point ks still less than 3 pF so il Rf= Rig
= 5 kohms, the lag due 1o that capaci
tance can be as low as B manoseconds.

The diode gate and R1, B2 neiwork
forme am idesl square wave source for
testing since a square wave with signifi-
cant ripple can cawse (unfairly) an smpli-
fier to look bad. Resstors Bl and B2 can
be trimmed for desired cutput,

Measuring setiling time 1o 0001% requines
a clipping amplifier 1o prevent overloading
the ascilloscopes inpat. The circuit shown
im Figure 3 is excellent for this punpose.

For additional information, see the 1430
or 1435 data sheet.
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1025/1027/1030

APPLICATIONS

In Pigure 5, the differentlal Input of the 1030 is combined
with the losd driving capabilities of two 1025 to provide
a 92 1 balanced line repeater with a gain of 50 from de to
5 MHz, The 91 01 input line i3 matched amd terminated
(R1) at the 1030 input (A1) The 1030 provides a balanced
to single ended gain of 10 and drives the 200 5t input resis-
tor of A2 (1025). A2 has a gain of 5, providing £10 V be-
tween point A and common. A3 acty a8 3 unity gakn lnwer-
ter, thus providing 10 V between point B and common,
Thus & 20 ¥ peak to peak balanced, or pushpull, waveform
exists between point A and B which drives the 92 02 owtput
line through 45 £} matching resistors B2 and R3. When the
output line is terminated in 92 £1, a 10 ¥ p-p signal is im-

pressed on the terminating resistor.
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TRIMBMING

Muost fast-high frequency circuits operate at a gxin of less
than 100 and often less than 10, The low initial untrimmed
offset of thess amplifiers (5 mY for the 1030) does not us-
ually require de trim components. However, each may be
externally trimmed as defined helow,

1030  The 1030 is zero trimmed with a 100 k2 potentio-
meter. I trimming is not required, tim pins are
left open.

The 1027 is zero trimmed with a 1 kil variable resl-
stor between #Vee and trim pin. If trim is not
used, a 499 £3 resistor must be connected hetween
+Vop and trim pin (otherwise Egs may be 2> 150
m,

The 1025 is zero trimmed with a 10D ki potentic-
meter, I trkmming is not requaired, trim pins ane

left open. In addition, a | k£ to 5 kil £ 5% settling
time trim resistor (provided with wnit) must be

conmecied between a trim pin and common. If nod
used, settling time can double,
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. TUGE TR £ TUSL
SPECIFICATIONS @425 C, Vep = 215 V, unbess otherwiss indicsted

W 1637 L
Typicl Gusrsmissd Typeesl 4 8 e bl Tpical Gzarmreed
CUTPUT RAMGE
Wiodnape | i) PRy s B e LY b0 P2 0%
Currant 3 == 50 mi, E2E i, 20 m, _— T
VOLTAGE GAIN [de Dpen Leop
Fiwried Load 108 48 100 dif 190 4B 100 8 1048 108 4B
FRECUENCY TIME - RESMONSE
Hinewrting sred Mo lawsiteg b2
Ermall Bagead (Gain Bandwideh Produet) & ) Mz B0 MHE 6 MHz 10 bz 130 MHz 0N} MMz
Mun Sise Peswver Out (3% 10 5% dinenon T My 5 WMz 6.7 hiniz —_— 7 MHz 5 MMz
Max Poos o Paal Dt [Trimngls Wawe) 0 PMH: -— 1.5 MHir 1 Mz 10 Mz —
Biww Fate O ¥ 500 ¥.imsc TE Wi )V e BEQ Wimee 5 (RT
Betdling Tima (80 V Siep ingan) & @
T 100 &) . 55 mec —_— 30} ramc — O gy —
o 0.1% (10 mW] B0 g _— 2 e —_— 150 rasc —
e DR |1 mivi 20 ranp B0 Awec L 1.0 e 300} rmae T v
Crvaripged Ppigeiry Tirmn [Step Ingan) 5 puns —_— 1 — [y— —
" Capacitive Load Withoen Cssllation (& 00 oF -— Bl &F —_— 180 pF e
INPUT VOLTAGE RANGE
Comman Made [de Lissar Opsagan] AT (T8 - -1 = 0V
Comman Made Faun . W b, BV Wep sbn. max, 15y W WL TR, &5 W
Cifdareriial [batwean inpams) g ==l v T mnv W =|=Vaq Wy
Common Mods Rejection Retio (DG B0 48 _— 4 di B il 2 a8 6 dil
INPUT OFFSET VOLTAGE
Inttinl [sithaest e peveal tram) 00 45 my 00 my 3 imh G mYy & 13 m 25 my
Zore Adunsment (aptional ) 100 LT par —_— ¥ bl ihvesatat — BN D e —
Wi, Terparature [Asg, -25C o +85 70 AT LT Hauvrc E0 pMiE 16 u"C 78T
oz — - 18 e 16 uti e L —
Vo Tima [par 24 hosirs) S50 — “,lﬂul' —— Bhuy =
V. Perwar Bupgply H100 @i —_— W0 v _— S200 gV —_—
INPUT BIAS CURRENT
Initiad @ 35 °C =1 g =20 pi 20 pA -0 pa =h0 g -2 pul,
Vi Temperature {dvg. <35°C 10 +B5"C) dosbies sach 1070 —— doubier sagh 10°C —— doulles sach 10°%C ——
Ve Time Iper 24 basiwsl AF pA _— £F pi, —— . 7 piA p—
Vi Poswur Supply ) — B A _— £ pAhy —
CHitast (Tracking) 00 p& === 90 pa _ 0 g —_—
INPUT IMPEDARNCE @ dc -
Ditdarernial W05 0 6 pF _— W' 1 B pF - W' ERF —_—
Carmmon bads (sithes Inpt e Commen) 10 6 pP —— v0'* e 1 & pF m——— ¥0''51 B 26 pF —
MCHSE (Asterved v lapel
Flicker [0LOVE 83 1.8 Hzl
Woligs [paak-to-pank] LETTL - 5 p¥ _— 15 u ——
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isand {1,840 100 Hal
Weinage |rmal 08 - W _— 05 _—
Caurrgsn |l m=a —_— - - 03 pa ——
Hightand {180 Mz te 16 Wiz
Weltigs jrm) Juv —_— 4 v _— 3 v ==
Current drvel 1 Bl _— -— _— 1 pA, —_—
Srcadband (1,6 KMz s VE) kM) _— —— il p's' reeg ——m _— ——
Widebaad (8 Hr e 1.8 Mz — _— —= —_— 12 g evei —_—
FOWER REGLIREMENTS
‘oltags Rangs B3 to 210V - —— tFE RSN LY 11240 11BW -
Currsnr | Diigposst] f— 243 —_ 12 mé, 1T mi £ m&
Current {Fulll Losd] - BB _— £ 140 ——
TEMPERATURE RANGE |Degresa &)
Dipmrasing {Rassd] - =25 1 +E5C —_— =35 18 +H5 " = =5 1 =85 "C
« Oparating (Dergied] : - - _— 40 10 +100%2 — _—
T —_— Bl I = S L == -85 1 #138°¢
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1 1025 may be eeed non-inverting if CMY < 8 W pop (7 W pop eypical],

T Wisused o1 3 MHE for 1035, 10 MHz Yo 1027, and 1 MHz or 1030,

) Blreutt of Flges 2,1 K, 1 K issarinr, Gy = 16 pF

2 Uning suppliend aattling tims wim rabser (3.7 K £ 13001

Y V02T Initial Offset v 2185 mV with exbernal &880 [ 1% eedsior, 150 mY i no redior & el
Trimchyrar Phelbw et mlos) i sefriprssrian Thas uwm ol =1 M
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. el T e

Resesnmindied Powear Supply: Teledyea Philbrick Modal 7212 with,
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