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Introduction.

The 8-Channe! .integrator boards have “een modified for use in the Boos.cr Loss Monitor
System (BRLM). The modifications  were necessary due to limitations in the original circuit
(D36-E130). This note briefly discusses the modifications made to the circuitry, and some of
the performance bounds to keep in mind when applying the basic circuit.

Basic Circuit Assumptions.

The basic integrator is shown in Fig. 1. In this generic configuration many of the circuit
subtlcties are not apparent. For the usual analysis several assumptions are applied:

Reset and Hold Switches "on" resistance is 50-150 ohms.

Turn-on and Turn-off times of switches are negligible.

Total resistance shunting feedback capacitor limits its discharge rate.
Op-amp slew rate dcas not limit circuit response.

Charge injection is i1-dependesc of outout polarity.

No crosstalk between channels.

However, these assumptions are not strictly true and can lead to errcneous conclusions
about the circuit operation. This has been particularly troublesome when the reset time was to
be minimized. -

Amplifier Limitations.

The initial design of the integrator circuit ‘ised the Burr-Brown 3527 op-amp. The 3527
amplifier has a slew rate <1 V/us and a settling time of 45 us. Therefore, to reset from a
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10 V output, at least 10 us should be budgeted. However, when settling and switch transient
times are included, the total time to reset exceeds the budgeted amount (10 us) for application
in the BRLM system. Therefore the Burr-Brown OPA602 was selected and tested. The slew
rate of the OPA602 is 35 V/us, and therefore slews the 10 V output range in less than 1 ps. The
settling time of the 602 is rated at 1 ps.

However, other limitations in the reset circuit, cause the reset time to be increased above
the 1-2 ps range, as explained in this and the following sections. Figures 2 and 3 show the
difference in the time responses for a reset operation. Important features to notice are that
OPAG602 inverting terminal remains nearly at virtual ground throughout the reset, as opposed to
the 3527. It is the lack of virtual ground which illustrates the 3527 is overloaded and will
require many microseconds to settle at 0 V. However, the BRLM system's reset time is much
shorter than the 3527 settling time, and thus when the reset switch, a FET, opens after 10 ps,
the opamp continues to settle and charge will accumulate on the feedback capacitor causing a
residual offset as shown in the figures. The residual offset of the 3527 circuit was found to be
a non-linear function of the output level prior to the reset operation. The offset shown for the
OPA602 was from misadjusted charge compensation.

It is believeu that .ie residua. offset of the 3527 iscaus= by the termination - t e rc-et,
which creates other circuit imbalances, while 3527 i1s settling, and when the entire circuit has
settled the output is at the residual offset. On the other hand the OPA602, has a 1 ps settling
time (.01% for a 10 V step), and therefore completely settles during the reset time. Further, it
is important to realize that when an am~tifier has gone through a period of non-linear (~onstant-
cuirent) slewing, there is a perio.” of time wherc the amplifier goes through «erlo1 recov= y.
Tl recovery time peisists for a pe1ioo -ommel:su..te wiih the slew.ng. Thus for » iixed slew
rate, larger outputs cause longer slew times, cad thus ionger recovery times. In overload
recovery, the circuit dv::am.es ca:: be non-linear ~nd difficlt to predict. In tte case of .ac 3. 27,
ar 1 accounting iur the switzh tura-on delay (see beiow), resetting tror. outputs abive 4 V can
cause the overload recovery o persist beyond the duration of the reset. Following the ov >rload
recovery, linear settling occurs and the response in this period of time can be predicted using
linear circuit thesry. Fortunatelv. for the circuit designer the settling time specificaticn should
include the over'nad rocovery time.

Dusing the <280 of the testing with the 0.'AJ02 in the circuit, it was acte. mmed that the
slew rate of 35V/p -~ ¢ e not limit che ircuit response in the cir-uit contigurat'~ns u_ad.
For compariscn che 3527 za¢) 602 uata sheets are included in Appendix B.

" Reset Switch Limitation. -
Through experimentation it has been found tha[ thcre is a delay between the signal

applied at the reset input and thc reset FET swltchmg The delay is not constant and
depends on



: S e Se8mV . - A 20ps 152
2:200nU - Ty AT
S8PmU

1088aU; B A E T
2.8 U 20ps

;.A\‘.-
C:=jwop™

(
H
Qo
0
o
n

) FIGUEE E
TRALS

a. _OPA 602 ouTPuT @ .5 v/piv
b . OPA(OY InweeTNG INpur @ | Vv /Div
C _ 2827 outPuT @ 2V /piv

-
o

0.
'

.:N‘)'E.Q“:HCL TNELT A T Ay
SATE ofF Keser FET - ZN44uL) @ 1oV /oiv

(e

'(.f-_o}z o in 2A4 2B THE tnpur 5 - 10 nA FoR’ 2 seoonns :-_

SeaU .S88mU - | Al 28ps 1.26°U EXTL

SUNE L S G et

S8.8mU © 28us

: 588aU .

(A)
Cr= 1000 pF

FlGuRE _3'_'___”“_'

Teoee _ i Fone it e cav s R B S R

_a__ OPALa2Z _auTPUT b . . a5 Vv/Giv .9 Vv
b 0PAL02_ Inveemne INeUT 5 .1 Yoy 1 v/ipy
ol SR QUTRUT e s v 05 MDY S v/oiv
_4 3527 Javermng NeuT . A Voiv L v/biv
e GATE or Reser FET (20440 Lo V/Div

(Fork a-c in 3A €38 ™ME INRUT 16 =10nA For. 100 md)



Tech. Note 141 (5]

both the polarity and level of the output. Figures 4 and 5 display the reset for positive and
negative outputs of various levels. Figure 4 shows the reset from a positive voltage. In this
mode, there is a fixed 1.5 ps delay from the reset input to the output decaying towards zero.
It is also important to notice the shape of the decay. Because the decay curve is not a straight
line, the discharge rate is not limited by the FET I of the FET as is the case below (see
capacitor selection) or the opamp slew rate.

As convention dictates, the source terminal is the terminal from which the majority
carriers flow. When the output is positive, the source of the FET is connected to the inverting
terminal of the opamp. The opamp maintains the source at virtual ground, thus when the gate
voltage barely exceeds the value of the Vo ¢ the drain current will just begin to flow. Further
increases in the gate voltage will allow more drain current to be conducted. Because the source
voltage is fixed, the gate voltage at which the FET will begin to conduct is also fixed, hence the
delay is fixed. Note that in this case the maximum V¢ is 0 V, so the gate current I, is zero and
the maximum current that can flow is limited by Liss (see Appendix A). Operation of the FET
in this manner is referred to as first quadrant operation.

For the case of negative output it should be noted that the role of the drain and source
terminals is reversed. The source of majority carriers is now connected to the opamp output.
Therefore when a reset is ti.ggered, the gate voltage will increase from its most negative value
(-14 V) to a point where the gate voltage begins to turn the FET "on." This is V off) and is
between -3 V and -6 V. Therefore, if V¢ is -6 V output levels less than -8 V wxli cause the
FET not to turn completely off. As the output starts at more negative values, lower values of
the gate voltage will turn-on the FET. Thus the FET turns-on with less delay as shown in Fig.
5. In this case the gate current I, is not zero, as the gate-source junction is forward biased to
some degree. The forward bias will also cause the maximum discharge current flpwing between
the drain and source terminals to exceed I;. Operation of the FET in this manner also
corresponds to first quadrant operation, but is not a normal FET operation mode. ,

The present design (Fig. 6) uses Siliconix 2N4416 switching FETs. These FETs are
limited to a zero gate bias drain current of 10 mA. This current is referred to as 1. For the
case of positive output, the source is held at virtual ground by the opamp. Therefore, the drain-
source voltage is positive and when the gate has fully switched to zéro volts the FET follows the
curve shown in Appendix A. On this curve the maximum current drawn through the FET is
10 mA. Tais cuivent limits the discharge rate of the feedback capacitor. The capacitor discharge
is linear while t'ie FET is in the saturation region. When the output has dropped below the
pinch-off voltage the capacitor decay becomes exponential. The reset to ground from a pesitive
output is chown in Figs. 7a-7c under different conditions.

The diffe-ence between Fig. 7a and 7b is that the integrating capacitor has been increased
from 1 nF to 10 nF. The maximum discharge rate then for the condition in 7b is 1 V/us (10
mA/10 nF). The photo shows the top trace is linear in time with slope of 1 V/ps indicating the
FET's I limitation on the reset. The reset width was set at 10 us, yielding an output of S V-
after reset. As a result, an FET with greater current handling capablhty was selected. Phoro
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7¢ shows the circuit response with a 2N4861 replacing the 2N4416. The 2N4861 has an [
range of 8-80 mA. Also comparing the last trace in Fig. 7b and 7c, it can be seen that the
2N4861 turns on faster. It is believed that the inverting terminal trace is showing "oscillation"
prior to the reset, because the opamp is saturated, and the pulse away from virtual ground during
reset is due to current flow discharging the capacitor.

For negative outputs the source is the terminal attached to the circuit output (see Fig. 5).
As the gate goes towards zero volts and exceeds the source terminal voltage, the gate-source
junction becomes forward biased and conducts current. Because I, # O and I;; > ;.. a full reset
can be achieved in the 10 ps allotted. Photos 8a-8c demonstrate this effect. In this case the I R
limit does not occur as in the previous case and by viewing the second trace it can be seen that
in each case the output resets to zero. The slower reset in photo 8b is due to the increased
capacitance of 10 nF. The decrease in the reset time from 8b to 8c is due to the replacement
FET drawing larger currents than the 2N4416 for the values of Vgs encountered in the reset
operation.

Also, compare Figs. 8a-c with 7a-c, and notice that the gate voltage goes to zero more
quickly in the positive output case, and for the negative output case the gate voltage follows the
source wischarge. Th.c confirms the clai. that for négative outputs the gate-source junction -
becomes forward biased.

An additional change in Figs. 7c and 8c is the current limiting resistor in series with the
FET has been reduced from 221 vims to 22 ohms to try and decrease the reset time constant
when the FET operates in triode «gion.

Finally, it was found that tue reset FET did not "snap-off" when the reset signal is turned
off (photos 7 ~nd 8). This is b-~ause the -iginal intention of the integrator circuit was to have
a delay after the end of reset and before re-entering the integrate mode. However, in the loss
monitor system is its not dcsirable to have this delay. Therefore, the FET switch control
circuitry was modified to speed-up the turn-off. The control circuitry modification was to replace
the FETs and BJTs and redure some resistor values. This has had.only a minor improvement.

Capacitor Limité.

_ Select«sn of an appropria: 2 sized capacitor for the integrator can be difficult. The choice
is based on balancing sensitivity, maximum signal, reset time constraints, slew rate limits and
circuit errors. Generally, there is + inin um signal level of interest and for systems with A/D
con' >rters the output levei shouid be matched to the A/D converters: least significant bit. Thus,
sma!’ currents require a s 1all ¢#pacitor to provide the required output ievel. However, smaller
capacitors impact on bias, drift and charge injection errors. These errors scale inversely to the
capuc itance size, and errors-due to the bias current linearly increase with time. The drift in the
baseline over time decreases the dynamic range and accuracy of the system. Charge injection
from the switches can be nu'led to some degree. However, over time and temperature the
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adjustment 1s not perfect and small capacitors amplify the residual charge imbalance.
Additionally, charge injection effects with small capacitors is exacerbated because the charge
injection will vary due to the forward biasing of the gate-source junction with negative outputs
as opposed to positive outputs which do not forward bias the junction.

Another bound on the capacitor size can be found from the slew rate and output current
limits of the amplifier selected. For the minimum value, the capacitor must satisfy the equation
below so the amplifier is not overloaded while measuring the input.

Max Opamp Output Current 1)
Opamp Slew Rate

Capacitor Value >

Satisfying this criteria insures that even drawing the maximum current from the amplifier,
the rate of change of the voltage across the capacitor will not exceed the amplifier slew rate.
However, if less than the full output current will be drawn, then the capacitor can be downsized.
For example, the loss monitor system maximum current draw is 1 mA, as imposed by the power
supply, and wuh a slew rate of 35 V/ps, the minimum capacitor value is 29 pF based on this
criteria: -

Another lower bound can be generated by considering the "non-idealness" of the opamp
such as finite open-loop gain. The open-loop gain will limit the integrator low frequency
response and the accuracy of the integrator. A derivation of this limit is shown in Appendix C.
Therefore, \/r en considering application in a low frequency circuit, the lower 3 db point of the
integrator should be checked over the range of open loop gains expected. ,

In estimating an upper bound for the capacitor the opamp slew rate limit will be
neglectcd However when applying the equations below, if the output slew rate meets or
exceeds the opamp slew rate, the analysis must be redone considering effects of the opamp output
current and settling tine. Presently a reset time of T seconds from an initial value of V; volts
is considered. The circuit output and capacitor voltage is given by:

1

e 7 i 1y - dt _ (2A)

capaeiror(

O—

V, = initial circuit output voltage
where: Vi = final circuit output voltage
ks, ,)acilor(t)' = capacitor discharge current
C= capacitor value
T = reset time
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For positive outputs above the FET pinch-off voltage the capacitor discharge current is
limited by the FET I .. Below this voltage, the FET operates in the triode region and acts like
a resistor. In the saturation (pentode) region, the approximate time to reach the triode region is
calculated below.

T. T,

sar
1

1 :
Vi_ |ng(0_m| =E' £ ‘dfd[-_.E

ar

Ji
; 2B
Ii(.‘apcu::’:o]r'(*r)dr ( )

0

‘ Assuming that in the pentode region, for Vg$ = 0, that iy is the constant, equal to I
and independent of V. we get:

1
Vi=1 Vestafh R C “ass " Tsar 20)

which simplifies to:

V- 1Y,

| TJ s(off) | '_C o _ 3)

e fa’.;s
As the output voltage drops below pinch-off, discharge current required by the cap will
drop below the I, value, and then be limited by the FET resistance. Below pinch off, the

voltage will decay exponentially, rather than as in the above case where the voltage decays
linearly. In this regime, the discharge time can be estimated as:

-(R -0 -ln(é) =T, (4)
' P

where: R = resistance shunting capacitor
C = capacitance value

€ = the final voltage (€ < Vp)
Vp = pinch-off voltage

T = reset time

It should be noted that the R in the equation above is a combination of the FET resistance in
series with any other current limiting resistance. Also the FET resistance is varying as V , (the
output) changes, and in a somewhat non-linear fashion. However, for the first order
calculations, the FET can be linearized to 100-150 ohms in the triode region. This value is
found by reading the FET curves (Appendix D).

Therefore, to first order the total reset time is given as the sum of T, T, and FET
turn-on delay. For a given reset time T and initial output voltage V,, and FET characteristics,



Tech. Note 141 [13]

the maximum capacitance value can be selected according to the equation below (assuming T,
> 0):

T P L8 P e
(54)
i VY
=R CInle) # et *C ¥ 15158 T
v, 2
NTreser — 1.515]
C s
& (V=9) (5B)
R -In(=) + ———— ]
v, Lice

Thus, given the appropriate circuit parameters the maximum capacitance ‘hat can be reset in T
seconds to a voltage € can be estimated. This 1s important when a circuit channel is to be
descusitized- as has happeiicd in the BRLM systern: during the presedit runnin peroc  The
equation for the reset from a negative output has not been derived because the loss r onitor
system operates with positive outputs only.

An additional upper bound on the capacitance can be generated by considering the
maximum charge to be s« red on the capacitance corresponding to a full scale output. Typically,
the full scale outpr:t is 1- V, and charge is the time integral of current so:

T

J- iinp (D)dr ' (6)
0 = Capacitor Value

Full Scale Volrage

where i;;, (t) = Input current from source.

Finally, an upper bound on the capacitance (C) based on the required output rate-of-
change can also be calculated. This bound neglects the effects o the capacitor on overload
recovery and linea. scttling times. Therefore, useable values will be somiewhat lower *iian
predicted here. Assuming that the input current (linp) and required slew rate (Schq) do not
exceed the amplifier' specifications, we have:

_EE'_’O_zSR
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So, solving for the capacitance we find:

linp 2 C @)
SRreq

Charge Injection Compensation

Due to the different modes of operation in the reset circuit, the charge injection effects
can be different and therefore a simple adjustment for nulling may not be possible. For example,
if the circuit is used in both the positive and negative polarities the amount of charge injected in
the channel under these conditions is different, and adequate cancellation is difficult, if not
impossible. Therefore, rigorous testing to assess how the circuit will function under the expected
operating conditions is necessary.

Channel Crosstalk

There exists some interchannel crosstalk on the boards. This is most obvious when a
channel with high source resistance has saturated. Under this condition, the interchannel
capacitance charges up, injecting charge into adjacent channels. Also, the channels can
communicate through the circuitry common to the gates of the FET switches. This effect has
not been rigorously characterized. ‘

Input Impedance ‘ ¥

The input impedance of the standard integrator channel has been reduced in order to
decrease the input time constant caused by cable capacitance. A model of the circuit and its
response are shown in Fig. 9. As shown in the figure, the cable capacitance causes a delay in
the response of the circuit. The circuit still maintains its accuracy, because the charge on the
capacitance will enter the integrator when the pulse is removed. This is because the signal comes
from a current source. However, there is still the delay caused by the input time constant in
collecting all the charge. This is also shown in Fig. 9.

Documentation

The versions of the BRLM integrators are available in the design room on drawing
numbers:

. D36-E908 (36 KiloOhm Input Impedance Version)
D36-E905 (5.1 KiloOhm Input Impedance Version)
- D36-E817 (510 Ohm  Input Impedance Version)
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APPEND] X B

BURR-BSROWN® : ik 3527

NOT RECOMMENDED
FOR NEW DESIGNS

s i

Low Drift - Low Bias Current FET Input
OPERATIONAL AMPLIFIER

i ——rpa— =
FEATURES APPLICATIONS
» LOWER PRICED * CURRENT-TO-VOLTAGE CONVERSION
o ULTRA-LOW DRIFT, 2uV/°C, max * LONG TERM INTEGRATION
o LOW INITIAL OFFSET VOLTAGE. 250V, max o LOW DROOP SAMPLE/HOLD CIRCUITS
o LOW BIAS CURRENT, 2pA, max e PRECISION VOLTAGE AMPLIFICATION
« LOW NOISE  HIGH INPUT RESISTNHCE BUFFER
. I ' achieved by -lascr adjusting thé offset duﬁng
DESCRIPT|0N manufacture and means that high system accuracy is
The Burr-Brown 3527 is a precision operational maintained over the temperature range.
amplifier. It offers excellent performance at The low bias current (guaranteed 2pA max) allows
moderate cost through the wuse of hybrid the use of larger feedback resistor values, and smaller
construction, monolithic ICs, matched FETs, thin- bias current errors are realizable.

! 4 resistors. and active laser trimming. Of course, all the other desirable features of high

The 3527 low. initial offset voltage (250uV max) quality op amps are engineered into the 3527. It has

allows higher design accuracy at lower installed cost. low input noise, is free from latch up. is short circuit
Costly pots and external nulling of the oftset voltage protected for continuous output shorts to common.
are not required for most applications. Also, higher is internally compensated for unity gain stability.and
system reliability is achieved by using fewer parts. is pin compatible with 741 amplifiers. Guarding is
The offset voltage temperature drift of the 3527 is  achieved by the pin 8 case connection.

exceptionally low (2:V/"C max) and is compatible For increased reliability screening. consult Burr-

with the best bipolar amplifiers (BB3500E). It is Brown.

. ) o | 2

Q_J: :1'] | %

L3 ;—&__;L [ )
: R | F oUTPUT

CASE JP g $ 4

=
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spECIFICATIONS
ELECTRICAL

sp-dﬁ““""’ typucai at Ta = 25°C and +15VDC supplies. unless otherwise noted.

“Specilications same as for 3527AM.
""Doubles every +10°C..

1-173

| I527TAM 1527BM 3577 lan st R
MODELS - Min | Typ | Max | Min | Typ Min | Typ-| Max | Units Z "MECHANICAL TO-99 '
[ opEN LOOP GAIN, OC : " "PACKAGE
No FHo Load 112 - . dB i
AL = 2ki 100 | 108 . . - a8 Order Number: 352TAM, 35278M.
RATED QUTPUT 3527TCM  Weight: 1 gram
Voltage: z10 | =12 1 - . v "
Cument =10 | 20 % J - mA [ .
Output Impedance 500 . 1] l
Load Capacitance 1000 . . pF .
FREQUENCY RESPONSE
I Unity Gain, Open Loop 1 . . MHZ
Full Power Response 10 14 . . . kHz
Slaw Rate 08 09 . - L Viusec
Settling Time (0.01%) 45 . . usec
INPUT OFFSET VOLTAGE -
Initial Offset, 25°C = 500 +100 | 250 *100 | £250( WV
vs. Temp. (-25°C to +85°C) +5 | 210 22 | =5 1 | =2 |[uVrC
vs. Supply Voltage 175 . : wvv
vs. Time *20 ' ' wVima
INPUT BIAS CURRENT
Initial Bias, 25°C -2 -5 0.7 -2 -2 -5 pA
va. Temp . . A
va. Supply Voitage 5 * 2 pANV
| INPUT DIFFERENCE CURRENT
il iferonce. Z5-C [ 1= T T-1 [ T-T1 T#=
INPUT IMPEDANCE NoTE:
Dimli.l 1012 i & n Lescn in Trus powition within 0107
Common-mode 1015 . . n (.25mm) A ® MMC st neating pisne.
INPUT NOISE i
Voitage, fo = 10HZ 75 . . v/ Rz e T e
fo = 100Hz as . nV/HZ *
fo = 1kHZ 30 nViyHz . INCHES MILLIMETERS
: fo = 10kHz 25 . . nViHz oM | N | MAX MIN MAX
0.3Hz to 10HZ. p-p 26 . . uv A 338 70 881 9.40
10Hz to 10kHz, rms 3 . . uv [ 308 333 1.7% 8.51
Current, 0.3Hz to 10Hz. p-p 15 . . 1A c 188 1838 4.19 4.70
10Hz to 10kHz, rms 60 . . 1A o_| .08 021 0.41 0.53
E 010 040 0.28 1.02
INPUT VOLTAGE RANGE = T MG aas S
Common-mode Voltage Range *(|Vs|-3) . . v S 300 BASIC IR RARIE
Common-mode Rejection at =10V 7% . . dB w |.om']. T Py ™)
Max. Safe Input Voltage Vs . . vDCc 1 ) a5 0.74 108
POWER SUPPLY . « 500 i T
Rated Voltage *15 . vOC L 110 180 2.79 408
Voltage Range. derated performance  +5 +20 . . | voc M_| 46% BasiC 430 sasic
Current. quiescent | 286 4 » . . mA N 093 | 108 241 | 2.87
TEMPERATURE RANGE (ambient)
Specitication -25 +85 . - - °C P material and plating composition
Opersating -55 +125( . . °C contarm to method 2003 (solderability)
Smngo -85 +150 - e - °Cc . o M-S TIDHEY (exoem paragraph 1.2),
# junction-ambient 235 . b *Cw

CONNECTION DIAGRAM

(TOP VIEW)




BURR-BROWN® ) OPA602

=1=1 I
l MILITARY & DIE
l ; VERSIONS
- \ AVAILABLE

High-Speed Precision
LDirfer° OPERATIONAL AMPLIFIER

e

FEATURES APPLICATIONS

e WIDE BANDWIDTH: 6.5MHz e PRECISION INSTRUMENTATION

o HIGH SLEW RATE: 35V/us o OPTOELECTRONICS

o LOW OFFSET: +250V max e SONAR, ULTRASOUND

e LOW BIAS CURRENT: +1pA max o PROFESSIONAL AUDIO EQUIPMENT
o FAST SETTLING: 1us to 0.01% e MEDICAL EQUIPMENT

o UNITY-GAIN STABLE o DATA CONVERSION
DESCRIPTION

The OPA602 is a precision, wide bandwidth FET
operational amplifier. Monolithic L277e#f (dielec- -
trically isolated FET) construction provides an unu-
'sual combination of high speed and accuracy.

Its wid. -bandwidth design minimiz<s dynamic errors.
High slew rate and fast settling time ailow accurate
signal processing in pulse and data conversion appli-
. ations. Wide bandwidth and low di<*ortion minimize : :
AC eriors. All specificitions . ¢ rated with a 1kQ .
resistor in parallel with 500pF load. The OPA602 is

A g 3 i y Output
unity-gain stable and easily dr'ves capacitive loads .
up to 1500pF.

* aser-trimmed input ci - itry provides offset voltage
*nd drift performance norm-lly associated with .
; recision bipolar op amps. L2Fef construction . : @
achieves extremely low input ai.s currents (IpA i e
.nax) without comp: ;mising input voltage noise. @ '
r'he OPA602’s unigre input cascode circuitry main-

tains low input bias current and precise input char-

acteristics over its full input common-mode voltage

range.

+Vs

AA
A AR
vy

DFes® Burr-Brown Corp.

International Airport Industrial Park - P.0. Box 11400 - Tucson, Arizona 85734 - Tel [602] 7465-1111 - Twx: 910-952-1111 - Cable BBRCORP - Telex:; 66-6431 I

PDS-753B

Burr-Brown IC Data Book : 2-i-i5 : - Vol. 33
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SPECIFICATIONS

ELECTRICAL
At Vy = £15VDC and T, = +25°C uniless otherwise noted.
OPABOZAM/AP/AL OPASOZBAM/SMBP OPASO2CM
PARAMETER CONDITIONS MiN TP MAX MIN TYP MAX MM TP MAX UNITS
INPUT NOISE
Voltage: {a = 10Hz . 2 . nv/vHz
fo = 100HZ . 19 . nv/vAz
fo = 1kHz . 13 . nv/ivHz
fo = 10kHZ . 12 . nv/vHz
fe = 10Hz to 10kHz . 14 . Wrma
fa = 0.1Hz to 10Hz . 0.95 . WNp-p
Current: fs = 0.1HZ 1o 10Hz . 12 . tAp-p
fo = 0.1HZ 10 20kHz . 08 . tArHZ
OFFSET YOLTAGE
Input Offset Voltage:
"M~ Package Vo = 0VDC 1300 | 1000 +150 +500 +100 +250 uv
“P” Package 1 2 0.5 1 my
“U” Package 1 3 mV
Over Specified Temp:

- “M" Package . +250 | £1000 +200 +500 uw
“P~, "U” Packages £1.5 +0.75 | %15 mv
Average Drift Ta = T 10 Tuaax L *15 13 +5 » +2 NrC
Supply Rejection +Vs =12V to 18V 70 . 80 100 86 . dB

BIAS CURRENT
Input Bias Current Ve = OVDC +2 10 +1 +2 +0.5 +1 PA
Ovwer Specified Temp. +20 +500 +20 +200 +10 +100 pA
SM Grade _ +200 | +2000 PA
OFFSET CURRENT
Input Offset Current Ve = OVDC 1 10 0.5 2 0.5 1 pA
Over Specified Temp. 20 500 20 200 10 100 pA
SM Grade 200 1000 PA
INPUT IMPEDANCE
Ditterential’ . 1071 . QlipF
Common-Mode . 10113 . QflpF
INPUT YOLTAGE RANGE i
Commeon-Mode Input Range . . +10.2 | +13, . . v
-1
Common-Mode Rejection Ve = £10VDC 75 . 88 100 92 . dB
OPEN LOOP GAIN, DC ;
Open-Loop Voltage Gain Re = 1kQ 75 ¢ 88 100 92 . a8
FREQUENCY RESPONSE
Gain Bandwidth Gain = 100 35 . 4 85 5 - MHz
Full Power Response 20Vp-p. AL = 1kN . 570 - . kHz
Slew Rate Vo = 210V, AL =1k 20 . 24 35 28 - Vigs
Settling Time: 0.1% Gain = —1, R, = 1kQ . 0.6 . us
0.01% C. = 500pF, 10V step . 1.0 . ws
RATED QUTPUT
Voitage Output R, = 1k} +=M i +1.5 4_*12.9. . - . " v
-13.8 .
Current Output Vo = £1OVDC - - +15 +20 " - mA
Output Resistance 1MHz, open loop . 80 . Q
Load Capacitance Stability Gain = +1 . .| 1500 . pF
Short Circuit Current +25 . +30 +50 b L mA
POWER SUPPLY
Rated Voltage . *15 . vDC
Voltage Range,
Derated Performance . e +5 +18 . . vDC
Current, Quiescent lo = 0OmADC . . 3 4 . mA
Over Specified Temp. . . a5 45 . . mA
TEMPERATURE RANGE
Specification Ambient temp. . » -25 vl +8es . . e
SM Grade -55 +125 «c
Operating: “M" Package Ambient temp. . L —55 +12§ . . *c
“P~, “U" Packages -25 +85 -25 +85 c
Storage: “M" Package Ambient temp. . . —65 +150 . . ‘C
“P~, “U" Packagea —40 +125 —40 +125 c
# Junction-Ambient . . 200 . W
=Specilication same as OPAGO2BM
Burr-Brown IC Data Book 2-146 Vol. 33"
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AFIFENDIX D

2N4416 SERIES I Siliconix

iInearporateyd
The 2N4416 and 2N4416A are n-channel JFETs V. v |
designed to provide high-performance amplification, PART Gﬁf{"? %}ﬁss I&T;‘ ngi
especially at high-frequency. These parts feature low NUMBER %) ) (mS) (mA)
noise figure ( 4 dB max @ 400 MHz), high gain (10 dB
min @ 400 MHz) and provide wide bandwidth. its TO-72 2N4416 -6 =30 45 15
hemetically sealed package is available with full 2N4416A -6 a5 a5 15
military processing. (See Section 1.)
For additional design information please see
i s i TO-72 (TO-206AF) BOTTOM VIEW

SIMILAR PRODUCTS S Bewmmet
e TO-92, See J224 Series § gﬁ'?}&“
e SOT-23, See SST4416 o 4 CASE

e Chips, See NH Series Die

ABSOLUTE MAXiMUM RATINGS (Tp = 25°C Unless Otherwise Noted)

LIMITS’

PARAMETERS/TEST CONDITIONS SYMBOL 2N4416 2N4416A UNITS
Gate-Drain Volta: 2 Vao -30 : -35 Vv
Gate-Source Vol age ‘ Vas -30 -35
Gate Current e 10 - mA
Power Dissipation J Pp 300 mw
Power Derating 1.7 mwy/°C
Operating Junctiun Temperature Range ! Ty -55t10150
Storage Temperature Range Tw 6510200 °C
Lead Temperature (/" from case for 10 sec.) : TL 300

4-8 ", '. Rev. A (02/11/91)




Siliconix
incorporated

2N4416 SERIES

[SPECIFICATIONS®

LIMITS

PARAMETER

SYMBOL

TEST CONDITIONS

TYP®

2N4416

2N4416A

MAX | MIN | MAX

UNIT

STATIC

Gate-Source Breakdown Voitage

o = -10A,Vps = OV

Gate-Source Cutoft Voitage

Vos = 15V, Ip = 1NA

Saturation Drain Current®

Vos = 15V.Vgg = 0V

15 5 15

Drain Reverse Current

Vas = -20V, Vpg = 0V

=100 =100

Ta = 150°C

-100 -100

Gate Operating Current?

Vog = 10V, lg = 1TmA

Drain Cutoff Currentd

23233

Drain-Source On-Resistance?

VG5=-0V.1°-1mA

o

Gate-Source Forward Voftage®

lg=1mA Vps =0V

DYNAMIC

Common-Source Forward
Transconductance®

Common-Source
Output Conductance®

Vns*“sV.VQs-"oV
f=1kHz

45

75 45 75

15

us

Common-Source
Input Capacitance

Common-Source Reverse
Transfer Capacitance

Common-Source
Cutput Capacitance

Vm = 15V.Vgs =0V
f=1MHz

0.7

08 0.8

pF

Equivalent Input
Noise Voltaged

Vos = 10V, Vgs = OV
f=1KkHz

HIGH-FREQUENCY

100 MHZ

400 MHZ

Commeon-Source
Input Conductance

Common-Source
Input Susceptance

Common-Source
Qutput Capacitance

Common-Source
Output Susceptance

Common-Source Forward
Transconductance

Vos = 15V.Vgs = 0V

100 1000

2500 10,000

75 100

1000 4000

us

Common-Source Power Gain

Noise Figure

Vbs = 15V.Ip = 5mA

18

10

[Re = 1kQ

dB

NOTES:

a Ta = 25°C uniess otherwise noted.

b. For design aid only, not subject to production testing.

c. Puise test PW = 300 uS, duty cycle < 3%.
d. This parameter not registered with JEDEC.

Rev. A (02/11/91)
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NH

N-Channel JFETs

Siliconix
incarporated

TYPE PACKAGE DEVICE
single TO-92 (TO-226AA) e 2N5484, 2N5485, 2N5486
J304, J305
Single SOT-23 e S8T4416
Single TO-72 (TO-206AF) e 2N4416, 2N4416A
Single Chip ® Available as NH1CHP, NH2CHP, NH3CHP
TYPICAL CHARACTERISTICS
Drain Current & Transconductance
vs. Gate-Source Cutoff Voltage Leakage Current vs. Drain Voltage
20 10 105 i -
5 mA
: VA
lpss 104 i1 A // A
P i ma Al LY
~ 103k Ta=125°C é‘
4 5
loss 4o |21 A4 O1s  la 442 LS
(mA) (mS) / @ 125°C
/ A
1 Z
g1s@ Vps =10V, Vgs =0V
/ f=1kHz 1 A @ zéuc
- lpss @ Vps =10V, Vgs =0 V age
8 O Tl I ™ [ 1
0 -5 -10 20
Vas(orr) (V)
On-Resistance & Output Conductance Common-Source Forward
vs. Gate-Source Cutoff Voltage Transconductance vs. Drain Current
500 T T 1 T T T T 50 10 I I LI
frops@lp=1mA Vgg =0V | | Vpg=10V
Jos @ Vps =10 V.Vgs =0 V f=1kHz
f=1kHz | = - Vas(orry = -3 V
-~ RTDs i
\ ° Gos Ta = -55°C A
fops \ Jos Gts 2S.C/l‘ﬂ #
mlzso 25“13] (mS) 5 I/H’]
| 4 > ! = /{g 125°C
f’ ot
/ "5-—-;:__ : 4:
¥ /,/’ﬂ'
0 0 0 |
0 -5 i =10 0.1 1 10
Vas(orr (V) Io (MA)

4130

Revised (02/11/91)




Siliconix

incorpao

rated

NH

TYPICAL CHARACTERISTICS (Cont'd)

Output Characteristics {VGSIOFF] ==2V)

Output Characteristics (Ygs(orr)=-3V)

10 15
Vgsl= OIV VGsﬁ OIV ]
1 | g
- 0.2V -0.3V
'o 5 ; [ lo 7.5 //.4 3 0 '6 v
(mA) 7, 208 (ma) -
/] R -0.9 V
7 -0.6V / -
. T -
-0.8 V —] 1.2V
=L -1.5V
-1.2V T8V
-1.4Y
0 L 0
0 5 10 0 5 10
Vps (V) Vps (V)
Transfer Characteristics Transconductance vs. Gate-Source Voltage
10 10
I 4 I o A Lol
—Vas(orm = -2 V Vps = 10 V. — L Vagtorm = =2 V Vps=10V
I I { f=1kHz
i | I T T T
Ta = -55°C | T, =-55°C
[ 1 i
o 25°C I 25°C
P =
lp § \\ | Ots " "h-...__’/:\
(mA) (mS) —~ N
125°C -
125°C ~—
\
T
0 S 0
0 -1 -2 0 -1 -2
Vas (V) Vas (V)
Transfer Characteristics Transconductance vs. Gate-Source Voltage
10 g pr—p—— 10 lll-i
R VGS‘OFF}:_S vV |-Vas(orr) = -3 V \;o_s:k:?z\" .
NNCT T [ Yess 0 | X
\ 25°C |
K\ [ Ta =-55°C
\\ i 25°C
o sl 1zs'c\‘\ s LN/
(mA mS o~
} N\ N = :l.zs\é" *“\"\
NN S NI
\\ \ \\
N N
0 -1.5 -3 0 -1.5 =3
VGS (v) VGS (V)
Revised (02/11/91) 4-131
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Siliconix

TYPICAL CHARACTERISTICS (Cont'd)

On-Resistance vs. Drain Current

300

100

Clrcuit Voltage Gain vs. Draln Current

| || l L LR L T 1T T1°¢
| T,=2§°C | Av=_onfy
/ 1+R Gos
AssumeVYpp =15V, Vpg= 5V
Vasiors) = -2 V " R = 10V
fos - i \ L1
150 4’;— voooso N v - W
g Vgs(orr) = -3V N oo
N
S
RN
— Vasorm = -3
(OFF) \hb
-.:::
0 0
0.1 1 10 0.1 1 10
lD(l"ﬂA' IDth}
Common-Source Input Capacitance Commeon-Source Reverse Feedback
vs. Gate-Source Voltage Capacitance vs. Gate-Source Voltage
5 =T 3 1 1
f=1MHz f=1MHz
\Vgs =0V
Cur 4 Cre |\
(pFr = (pF) : \
e ——— — Vps=0V
| :-'"-_-;- E | i
T
= Vps = 10 V ] Vos =10 V 4
0 0
0 i -10 -20 0 -10 -20
Vas (V) Vgs (V)
Input Admittance Forward Admittance
100 E=r 100 |
E Ta=25°C — T, =25°C
: VDS= 15V b = VDS= 1SV’
[ Vas=0V o [ Vgs=0V
COMMON SDURCE - Aﬁ COMMON SOURCE
10 === 10 E ~Dis]
— Gis3 E Ots ‘Tg
mS msS =
— Pa
1 = 1 ?—(‘
=
e
'/
P
0.1 e 0.1
100 1K - 100 1K
f (MHz) t (MHz)
4-132 Revised (02/11/81)
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Siliconix

incorporated

NH

TYPICAL CHARACTERISTICS (Cont'd)

Reverse Admittance

10 pr—
E T, =25°C : : :
: VDS= 15V "lh| b
: Vge=0V
COMMON SOURCE
1 |
mS
~Ors A
0.1 = =
=
T ©
0.01
100 1K
f (MHz)
Equivalent Input Noise Voltage vs. Frequency
20 T TTTTI L e
\ VDQF v m
I
\
N
\ \
en 0 ‘\ N
mvrviE]® N 'y
NN Il
\+ NI o = 5 mA

"'\bs: 10 V. Vgsz ov
o LLiiiu o |
0.01 0.1 1 - 10 100

f (kHz)

Output Admittance

I
!!

mS

21 "’JT,\ = 25°C

—— Vpg= 15V

VGS= ov

COMMON SOURCE

0.01 R e
100 1K

f (MHz)

Qutput Conductance vs. Drain Current

20 1 T T ] TV T TTnd
| _Vpg=10V Vas(orF)= -3 V__'

f=1kHz
,z¢

Ta=-55°C | LAl ~4

L% Y
A
%

s
Sos 4o | 25°C

(1S) A

Ip (MA)

Revised (02/11/91)
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