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OP-215

DUAL PRECISION JFET-INPUT
OPERATIONAL AMPLIFIER

Precision Monolithics Inc.

FEATURES tracking and convenience advantages of a dual op-amp
® HighSlewRate .......................... 10V/us Min configuration.
® FastSettling Time .................. 0.9us to 0.1% Typ Low input offset voltages, low input currents, and low drift are
¢ Low Input Offset Voltage Drift ........... 10uV/°C Max featured in these high-speed amplifiers.
® WideBandwidth ......................... 3.5MHz Min ) ) Lo . )
e Temperature-Compensated Input Bias Currents On-chip zener-zap trimming is used to achieve low Vgg while
e Guaranteed Input Bias Current 18nA Max (125°C) a bias-current compensation scheme gives a low input bias
e Blas Current Specified Warmed-l.J.p' 6ver Temperature current at elevated temperatures. Thus the OP-215 features
e Low Input Noise Current 0.01pA/~/ Hz Tv an inputbias current of 18nA at 125°C ambient (notjunction)
e High Common-Mode Rejet.:il.o.r; Raﬁo -Olp 86dB MI: temperature which greatly extends the application useful-
* Pin Compatible With Standard Dual Pinouts ness of this device.
® 125°C Temperature Tested DICE Applicationsinciude high-speed amplifiers for current output
® Models With MIL-STD-883 Class B Processing Available DACs, active filters, sample-and-hold buffers, and photocell
® Available in Die Form
PIN CONNECTIONS
ORDERING INFORMATION ¢
Vs
T,=25°C PACKAGE OPERATING 2
Ve MAX CERDIP PLASTIC Lcc TEMPERATURE oUTAT rouTs
(mV) TO-99 8-PIN 8-PIN 20-CONTACT RANGE
10 OP215AF  OP215AZ* - - MIL a2 san
1.0 OP215EJ OP215E2 OP215EP - COM
2.0 OP215B./883 OP215BZ/883 - OP215BRC/883 MiL
20 OP215F)  OP2I5FZ  OP215FP - CoM Az seme
4.0 OP215CJ/883 0OP215CZ/883 - - MIL 4
60 - OP215GZ  OP215GP - XIND v
6.0 - - OP215GS . - XIND TO-99 LCC 20-CONTACT
*" Fordevices processed in total compliance to MIL-STD-883, add /883 after part (J-Suffix) (RC-Suffix)
number. Consult factory for 883 data sheet. *V4+ A & V+ B INTERNALLY
t Burn-inis available on commercial and industriat temperature range parts in ONNECTED
CerDIP, plastic DIP, and TO-can packages. For ordering information, see v ¢
PMr's Data Book, Section 2. oure
-INB aNa O} 5] -na
+INB v- L3> 7] oura
_ sNe [3] (6] v+
GENERAL DESCRIPTION 8 '(’;“_'s‘flff?x?"’ we > eure
The OP-215 qffers the proven JEET—inpyt performanpe ad- 8-PIN PLASTIC DiP 8-PIN SO
vantages of high speed and low input bias current with the (P-Suffix) (S-Suffix)
SIMPLIFIED SCHEMATIC (1/2 OP-215)
V+ O— 5 *NOTE:
as . N Q10 R7, R8 ARE ELECTRONICALLY ADJUSTED
R8 R7 ON CHIP FOR MINIMUM OFFSET VOLTAGE.
Qs NULL .| 07 NULL
J6
a9 Q19
Sl e = =T
S -
h! Qs
Rz €2 R13 Q22
NONINV - . T S ,_-l SZQ”
INPUT INPUT ] 74F o OUTPUT
Qu'/ a3 émo
3 — '\ﬁg
R5
} an 36
43 J£1 J4 r <’Rg e
'1'7_4 % Q6
13 R4
V-0
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OP-215 DUAL PRECISION JFET-INPUT OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION Continued
amplifiers. For additional precision JFET op amps, see the
OP-15/16/17 data sheet.

ABSOLUTE MAXIMUM RATINGS (Note 1)
Supply Voltage
OP-215A, OP-215B, OP-215E, OP-215F
(All DICE Except GR)
OP-215C, OP-215G (GR DICE Only)
Operating Temperature Range
OP-215A, OP-215B, OP-215C .................. -55°C to +125°C
OP-215E, OP215F 0°Cto +70°C

—40°C to +85°C

Maximum Junction Temperature (Ti) ........................... +150°C
Differential Input Voltage

OP-215A, OP-215B, (All DICE Except GR) ................. =40V

OP-215E, OP-215F, (All DICE Except GR)

OP-215C, OP-215G, (GR DICE Only)
Input Voltage

OP-215A, OP-215B, (All DICE Except GR)

OP-215E, OP-215F, (All DICE Except GR)

+40V
+30V

.. 220V
.. 220V

OP-215C, OP-215G, (GR DICE Only).....c.cevvvvvcinnanne +16V
(Unless otherwise specified, the absoiute maximum nega-
tive input vqltage is equal to one voit more positive than the
negative power supply voltage.)

Qutput Short-Circuit Duration ..........ccooieiiiniiicnnnns Indefinite

Storage Temperature Range .............c.cc...... -65°C to +150°C
Lead Temperature (Soldering, 60 SeC) ..........ccoveurureennn. 300°C

Junction Temperature (T]) .................... —65°C to +150°C
PACKAGE TYPE 8]A (NOTE 2) e]c UNITS
TO-99 (J) 145 16 °CW
8-Pin Hermetic DIP (Z) 134 12 °C'W
8-Pin Plastic DIP (P) 96 37 CW
20-Contact LCC (RC) 88 33 °C/W
8-Pin SO (S) 150 a1 CW

NOTES:

1. Absolute maximum ratings apply to both DICE and packaged parts, uniess other-

wise noted.

2. ej a I8 specified for worst case mounting conditions, i.e., @, is specified for device
in socket for TO, CerDIP, P-DIP, and LCC packages; 9“ is specified for device
soldered o printed circuit board for SO package.

ELECTRICAL CHARACTERISTICS at V5= £ 15V, T = 25°C, unless otherwise noted.

OP-215A/E OP-215B/F OP-215C/G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Rg = 5002 - 02 10 — 08 20 — 20 40
I Vol v v
nput Offset Voltage os ‘G Grade _ _ _ _ _ _ _ 25 60 m
Input Offset Current | Tj=26°C (Note 1) - 8 50 - 8 50 - 8 T A
neu o8 Device Operating . 100 — 5 100 - 5 200 P
\nout Bias Gurrent | T;=25°C (Note 1) — %15 #100 —  £15 200 — %15 £300 A
neut Bias Lurren B Device Operating —  £18 300 —  £18  +400 —  £18 600 P
input Resistance Ry — 107 - — 107 - - 1om - n
Large-Signal Volt A = 2k
rge-Signal Yoage  avo L2 150 500 - 75 220 - 50 200 - V/mv
Gain Vo =10V
Output Voltage v Ry = 100} 12 13 - 12 +13 - 12 #13 - v
Swing ° R = 2k0 11 #2127 - 11 £127 - 11 127 —

Suoply Gurrent \ —~ 60 85 — 80 85 — 70 100 .
upply Cu sY ‘G’ Grade - - - - - — - 70 120 m
Slew Rate SR AycL=+1 10 18 - 75 18 - 5 15 - Vius

in Bandwidth
Gain Bandwid GBW (Note 3) 35 57 - 35 57 - 30 54  — MHz
Product
Closed-Loop cLew AyoL=+1 — 13 — - 13 — - 12 — MHz
Bandwidth
t0 0.01% - 23 - - 23 - — 24 -
Settling Time tg to 0.05% (Note 2) - 11 - - 11 - - 12 - us
t0 0.10% - o8 - — 09 - - 10 -
Inout Voltage Range VR 102 +148 - +102 +148 - +101  +148 — v
nput Voltage Rang -102 -115 - 102 -15 - -101  -115 -
Common-Mode A, B, C Grades 86 100 - 86 100 - 82 96 —
CMRR Vom=IVR
Rejection Ratio CM E, F, G Grades 82 100 — 82 100 — 80 9% — dB
Power Suppt Vg =10V to +16V — 10 51 - 1 80 - - -
owsr Supply. PSRR S ° BVIV
Rejection Ratio Vg=110Vto £ 15V - - — - — — — 16 100
Input Noise Voltage fo = 100Hz — 20 — —_ 20 - - 20 —
VIVH
Density €n to= 1000Hz - 15 — - 15 - - 15 . Wihe
Input Noise Current . fo = 100Hz — 0.0 - — 0.01 - — 0.0 —
Density 'n 1o = 1000Hz — oo - — oot - - om _  PAVHe
input Capacitance Cin — 3 - - 3 — — 3 — oF
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OP-215 DUAL PRECISION JFET-INPUT OPERATIONAL AMPLIFIER

ELECTRICAL CHARACTERISTICS at Vg =*15V, -55°C < Ta < +125°C, unless otherwise noted.

OP-215A OP-2158 OP-215C
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos Rg =500 — 0.5 20 - 1.5 3.0 — 3.0 6.0 mv
Average Input Offset
Voltage Drift
Without External Trim  TCVpg {Note 3} — 3 10 — 3 10 — 6 — VG
with External Trim TCVosn Rp = 100k - 3 - - 3 — - 4 - #
Input Offset Current ) Tj=+125°C — 0.8 8 — 038 8 - 10 12 A
n
{Note 1) os Ta = +125°C, Device Operating — 1.2 14 - 12 14 — 1.5 22
Input Bias Current ) TI =+125°C — *15 +10 — *15 +10 — +1.8 *15 A
(Note 1} 8 Ta=+125°C, Device Operating — *2.2 +18 — *22 +18 - 2.7 +28 n
| t Volt Range VR +10.2 +14.6 - +10.2 +14.6 - +10.1  +14.6 - v
nput Voltage Rang -102 -3 — -102 -3 — -101 -n3 -
Common-Mode
CMRR Vom=ZIVR 82 97 - 82 97 — 80 93 -
Rejection Ratio CM dB
P Supp# Vg=110Vto +16V - 10 100 — 15 100 - — - g
owar Supply PSAR s N
Rejection Ratio Vg =110V to +15V - - - — - - - 23 128
i f R =2k
Large-Signal Avo L2 20 30 110 - 30 110 - 25 100 - v/imv
Voltage Gain Vo =210V
tput Voit:
Ou ?u oltage Vo Ry = 10k +12 +13 — +12 *13 - +12 +13 — v
Swing

ELECTRICAL CHARACTERISTICS at Vg = 15V, 0°C s T, < +70°C for E/F Grades, ~40°C= T, = +85°C for G Grade, unless
otherwise noted.
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OP-215E OP-215F OP-215G

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP  MAX MIN  TYP MAX UNITS

Input Offset Voltage Vos Rg =500 — 04 1.65 — 1.4 2.65 — 3.5 8.0 mv

Average Input Offset

Voltage Drift
Without External Trim  TCVgg (Note 3) — 3 15 - 3 15 — [ — vre
With External Tim ~ TCVgg,  Rp = 100kQ2 - 3 - — 3 - — 4 — #
input Offset Current | Tj=+70°C — 0.06 0.45 — 0.06 0.45 - 0.08 0.65 nA
(Note 1) 0s Ta=+70°C, Device Operating — 008  0.80 — 008 080 — o010 12
fnput Bias Current \ Ti =+70°C ~ %012 *0.70 — *012 070 — 014 +0.9 A
n.
‘Note 1) B Ta = +70°C, Device Operating — *0.16 +140 — *016 140 —  *018 *1.8
\ t Volt Range VR +10.2 +147 - +10.2 +147 - +101  +14.7 —_ v
nput Voliage Rang -10.2 -114 - -102 -114 - -10.1 -113 —
-Mod
Common-Mode CMRR Vom=2IVR 80 98 - 80 98 - 76 ™ - d8
Rejection Ratio
Power S | Vg =110V to +16V - 13 100 — 13 100 - - -
ower Supply. PSRR s WA
Rejection Ratio Vg=110V to +15V - - — bt - - - 20 159
i i R =2k
Large-Signal Avo L2 20 50 180  — 0 180 @ — 3B 130 — vimv
Voltage Gain Vo =10V
Out?ut Vottage Vo R 210k} *12 *13 — +12 *13 — *12 *13 - v
Swing

NOTES:

1. Input bias current is specified for two different conditions. The T;=25°C 2. Settling time is defined here for a unity gain inverter connection using 2k}
specification is with the junction at ambient temperature; the Device resistors. It is the time required for the error voltage {the voltage at the
Operating specification is with the device operating in a warmed-up .inverting input pin on the amplifier) to settle to within a specified percent of
condition at 25° C ambient. The warmed-up bias current value is corre- its final value from the time a 10V step input is applied to the inverter. See
lated to the junction temperature value via the curves ot igvs. Ti and lgvs. settling time test circuit.

Ta PMi has a bias current compensation circuit which gives improved 3. Sample tested.

bias current and bias current over temperature vs. standard JFET input op
amps. Ig and |gg are measured at Ve = 0.
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OP-215 DUAL PRECISION JFET-INPUT OPERATIONAL AMPLIFIER

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

NONHEON

V-

. NULL (B)
. NONINVERTING INPUT (B)
. INVERTING INPUT (B)

ALL V+ PADS ARE INTERNALLY CONNECTED.
DIE SIZE 0.110 X 0.075 inch, 8250 sq. mils (2.79 X 1.91 mm, 5.33 sq. mm)
For additional DICE ordering information, refer to 1990/91 Data Book, Section 2.

. INVERTING INPUT (A)
. NONINVERTING INPUT (A)
. NULL (A)

8. NULL (B)

9. V+

10. Vg (B)

1. v+

12. Vg (A)
v+

14. NULL (A)

WAFER TEST LIMITS at Vg= 115V, Tp = 25° C for OP-215N, OP-215G and OP-215GR devices; Ta = 125° C for OP-215NT and
OP-215GT devices, unless otherwise noted.

OP-215NT  OP-215N OP-215GT  OP-215G  OP-215GR
PARAMETER SYMBOL CONDITIONS LiMIT LIMIT LIMIT LMt LIMIT UNITS
tnput Offset Voltage Vos Rg =500 2 1 3 2 6 mV MAX
Input Bias Current lg +18 - +18 - - nA MAX
Input Offset Current los 14 - 14 — — nA MAX
Large-Signal Vo =110V,
A 30 150 30 7
Voltage Gain vo R, = 2k0) s 50 V/mVMIN
{nput Voltage Range VR *102 *10.2 +10.2 *10.2 +10.1 V MIN
Common-Mode
RR Vem=1
Rejection Ratio CM 'om = %IVR 82 86 82 86 82 dB MIN
Power Supply Vg=*10to *16V 100 51 100 80 —
P!
Rejection Ratio SRR Ve=+10t0 £15V — — — - 100 MWV MAX
R, =10k +12 +12 12 +12 12
it i L
Output Voltage Swing Vg A, =2k _ 11 _ 11 11 V MIN
Supply Current lgy — 85 - 8.5 12.0 mA MAX

NOTES:

For 25°C characteristics of NT & GT devices, see N & G characteristics respectively.

Eiectrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = £ 15V, T = +25°C, unless otherwise noted.

OP-215NT OP-215N  OP-215GT OP-215G  OP-215GR
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS
Average Input Unnulied
V, 2 2 3 3 4 vre
Offset Voltage Drift TCVos R, = 100k uvrec
Average Input Nulled
TCV, 0.5 05 1 1 2 v/°C
Offset Voltage Drift CVosn Rp = 100kl o
input Offset Current los 3 3 3 3 3 pA
Input Bias Current lg +15 *15 +15 *15 15 pA
Slew Rate SR AygL=*1 17 17 16 16 15 V/us
to 0.01% 22 22 23 23 24
Settiing Time ts 10 0.05% 11 11 11 1.1 12 us
10 0.10% 0.9 09 0.9 0.9 1.0
Gain Bandwidth GBW 6.0 60 57 57 54 MHz
Product
Closed-Loop
A =+ 4 13 13
Bandwidth CLBW veL=+1 14 1 12 MHz
Input Noise fo = 100Hz 20 20 20 20 20
V/\/
Voltage Density En fo = 1000Hz 15 15 15 15 5 VVHE
Input Noise : to = 100Hz
. 0.01 0.0 0.01 .01 Al
Current Density o fo = 1000Hz 0 0o pA/VHz
input Capacitance Cin 3 3 3 3 3 pF
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OP-215 DUAL PRECISION JFET-INPUT OPERATIONAL AMPLIFIER

TYPICAL PERFORMANCE CHARACTERISTICS

GAIN (dB)

PEAK-TO-PEAK AMPLITUDE (VOLTS)

LARGE-SIGNAL
TRANSIENT RESPONSE

CLOSED-LOOP
BANDWIDTH AND
PHASE SHIFT vs FREQUENCY
18 9
16 kT I T T 1T e
A [T PHASE MARGIN - 66°
14 110
12 N\ 120
10 130
8 N ! ! 140
6 Ay > 10 150
4 \ 160
2 \ 170
0 N \ 180
-2 N 190
4 N\ \‘ 200
6 [Cvg=118V AN Ay =+ T
g |-Ta-25°C 14t
I I A\EA
™ 10M 100M
FREQUENCY (Hz)
MAXIMUM OUTPUT SWING
vs FREQUENCY
% TTTTT
Vg =+15V
N Ry
20 \
16 \
\
12
\
\
: N
. N
\\
0
100k ™ 10M

FREQUENCY {Hz}

PHASE SHIFT {DEG}

SLEW RATE (V/us)

SMALL-SIGNAL
TRANSIENT RESPONSE

———— m

BANDWIDTH vs TEMPERATURE

28 T
Vg =15V
24 1 + T
BANDWIDTH VARIATION FROM
BV € Vg < 220V 1S < 5%

20 [N
PN
=
s CLOSED-LOOP —]
T BANDWIDTH Ay, = +1
o
2 P
=]
z GAIN BANDWIDTH B
b4
s .l _PRODUCT

et
4
[
50 -25 0 25 50 75 100 125

TEMPERATURE (°C)

SLEW RATE vs TEMPERATURE

70 T
Ve lte
60 |-~
50
o \\ NEGATIVE
.\
30
20 POSITIVE
10
[

-25 [} 25 50 7%
AMBIENT TEMPERATURE (°C}

100 125

OUTPUT VOLTAGE SWING FROM OV (VOLTS)

OPEN-LOOP VOLTAGE GAIN (dB)

COMMON-MODE REJECTION RATIO {(dB)

-5

120

80

60

100

80

60

40

20

o

SETTLING TIME

1
Vg = £16V
15 =25°C /// /
Ay=-1
| .
10m\//5mv mv
1

AN
\ \\

1.0 15 2.0
SETTLING TIME {us}

0 05 25

OPEN-LOOP
FREQUENCY RESPONSE

T T

Vs=i15V
i

Ta=25°C |

N
\

N

N
N

100 1k 10k 100k 1M 10M  100M
FREQUENCY (Hz)

1 10

COMMON-MODE REJECTION
RATIO vs FREQUENCY

\\
\

! I
Vg = $15V
Tp=25°C

N\

N

1 10 100 1k 10k 100k 1M 10M 100M

FREQUENCY {Hz)
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OP-215 DUAL PRECISION JFET-INPUT OPERATIONAL AMPLIFIER

TYPICAL PERFORMANCE CHARACTERISTICS

POWER SUPPLY REJECTION

vs FREQUENCY

100

OUTPUT IMPEDANCE
vs FREQUENCY

VOLTAGE NOISE DENSITY
vs FREQUENCY

‘z"r T TTTITH M0 T
10 Tp=25°C V= $15V Vg = €15V
.25 Ta=25°C
A v & 120 A
. 100 /’ £
2
2 g ™ \ = ”u
z AN < v Z 100
g 80 \ @ 10 . N
2 | NEGATIVE POSITIVE ___| Z =
70 @
ri SUPPLY \\SUPPLV a g2 w
3
) &
> 6 \ 3 M Ay =10 e \
2 50 p Y/ £ 60
& =) =]
2 AN N & H
« % N 5 1 z
£ a0 ° , l g w0 11 CORNER TTT]
8 AN o/ 5 N FREQUENCY
& 20 | Av=1 =] ™
\ / >
10 N\ m
) 01 o
10 100 ko 10k 00k M 10M K 10k 100k ™ 10M 1 10 100 1« 10k
FREQUENCY (Hz} FREQUENCY (Hz) FREQUENCY (Hz}
BASIC CONNECTIONS
SETTLING TIME TEST CIRCUIT
2k 0.1%
+15V O
10v 20 0.1%
1 '
0 5k 2N4416
So%
= 100pF
'
-15V AAA V,
SUMMING ©Vour
NODE Ay =-1
5k 0.1%
VA
V
SCOPE .lir
2N44a16
0 15V
%Q

(PINOUT FOR “J," “Z" AND "P" PACKAGES ONLY)

SLEW RATE TEST CIRCUIT

INPUT OFFSET VOLTAGE NULLING

(PINOUT FOR "J," *2" AND *P* PACKAGES ONLY)

NOTE:

Vg CAN BE TRIMMED WITH POTENTIOMETERS RANGING FROM
10kQ2 TO 1MQ. FOR MOST UNITS TCV g WILL BE MINIMUM WHEN
Vg IS ADJUSTED WITH A 100k2 POTENTIOMETER.

OUT (A}

V-

(DICE ONLY)

5-366

7/89, Rev. B



OP-215 DUAL PRECISION JFET-INPUT OPERATIONAL AMPLIFIER

BASIC CONNECTIONS

BURN-IN CIRCUIT

+15v

100k 2

>
<

2000 &
<>

100k
<>

NOTES:
1. T, = 125°C TO +150°C _15v
2. RESISTORS ARE TYPE

RNSSD, +1%

{"J,” "2" AND “P" PACKAGES ONLY)

W0ka

AAA
VW

10k
AAA
A A4

OP-215 n
10k} (8}

-5V

{"RC" PACKAGE)

APPLICATIONS INFORMATION

DYNAMIC OPERATING CONSIDERATIONS

As with most amplifiers, care should be taken with lead dress,
component placement and supply decoupling in order to
ensure stability. For example, resistors from the output to an
input should be placed with the body close to the input to
minimize “pick-up” and maximize the frequency of the
feedback pole by minimizing the capacitance from the input
to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capacitance
from the input of the device (usually the inverting input) to

AC ground sets the frequency of the pole. In many instances,
the frequency of this pole is much greater than the expected
3dB frequency of the closed-loop gain and consequently
there is negligible effect on stability margin. However, if the
feedback pole is less than approximately six times the
expected 3dB frequency, a lead capacitor should be placed
from the outputto the negative input of the op amp. The value
of the added capacitor should be such that the RC time
constant of this capacitor and the resistance it parallels is
greater than, or equal to, the original feedback-pole time
constant.
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