ANALOG
DEVICES

High-Speed, Wide Bandwidth

Operational Amplifier (A, = 9)

0P-64

FEATURES

+ High Slew Rate .........ccccceevcrenerenrcrenrerecreneneeee.. 130V/8 Min
« Fast Settling Time (+10V, 0.1%) .....ccccccveueene.. 1000S Typ
* Gain-Bandwidth Product (A, ., = +5) .............. 80MHz Typ
* Low Supply Current ........ccccevereerererrerecrensereesenen... 8MA Max
* Low Noise................. e ... 8nV/Hz Typ
* Low Offset Voltage ........c..eeceeerccccccrcssscincnnenee. 1MV Max
* High Output Current .........ccccccecrcicinicsinnnnnee. F180MA Typ

+ Eliminates External Buffer
<Pin Packages
‘e For

ORDERING INFORMATION

T, ARC ERWE HERETIC RATING
v f hl .c KS\ T iWR)

os L

(mV) P 8- 20-CONJ. R

1.0  OPB4AJ DW 4ARC/B8 M
1.0  OPG4EJ OPB4EZ - - xifio
2.0 OPB4FJ OPB4FZ - = IND
25 L 2 OP64GP pe

25 - — oPe4GS" - XI

XIND = Extended Industrial Temperature Range, —40°C to +85°C

*  Fordevices processed in total compliance to MIL-SDT-883, add /883 after part
number. Consult factory for B83 data sheet.

1 Burn-in is available on commercial and industrial temperature range parts in
CerDIP, plastic DIP, and TO-99 can packages.

tt For availability and burn-in information on SO and PLCC packages, contact
your local sales office.

SIMPLIFIED SCHEMATIC

\

GENERAL DESCRIPTION

The OP-64 is a high-performance monolithic operational ampli-
fier that combines high speed and wide bandwidth with low power
consumption. Advanced processing techniques have en-
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0P-64

GENERAL DESCRIPTION Continued DISABLE Input Voltage ..........cc.cceevevveeenrenee. Supply Voltage
enabled PMI to make the OP-64 superior in cost and perform- Output Short-Circuit Duration ..............c..cccccceeuevrecnnnne... 10 SEC
ance to many dielectfica”)('isolated and hybrld op amps. Storage Temperature Range
Slew rate of the OP-64 is over 130V/us. Itis stable in gains of 5 (0 Z, RO) e —65°C to +175°C
and has a settling time of only 100ns to 0.1% with a 10V step | R I S R e -65°C to +150°C
input. However, unlike other high-speed op amps which have Operating Temperature Range .
high supp|y requiremen[s, the OP-64 needs less than 8mA of OP'64A (J. Z; RC) s =-DB 010 £125°C
supply current. This enables the OP-64 to be packaged in space OP-B4E, F (J, Z) .......ccovunvccrinrensssssrascnssnacnaens —40°C 10 +85°C
saving 8-pin packages. The OP-64 can deliver +80mA of output OP-84G (P, 8) -.cccvnisiniisiissmsasisssmisivarvasisns —40°C to +85°C
current eliminating the need for a separate buffer amplifier in Maximum Junction Temperature
many applications. Noise of the OP-64 is only anVAFZ redio OP-64A (J ,Z, F!C) T ——— LR
ing system noise in wideband applications. In addition to its dy- OP-64E,F (J, 2) ... crsresessssssssssissmssnsssssssssaenieses +178°C
namic performance, the OP-64 adds DC precision with an input OP-64G (P, S) ... " SIS 1 ) i
offset voltage of under 1mV. Lead Temperature (Sotdermg, 60 sec) cresinninnsse +300°C
The OP-64 is an ideal choice for RF, video and pulse amplifier PACKAGE TYPE 8, (Note 2) 9c UNITS
applications and in new designs can replace the HA-5190/95 or T0-99 (J) 150 18 “CW
Q0 95 with |mproved performance and reduced power 8-Pin Hermetic DIP (2) i e oW
8-Pin Plastic DIP (P) 103 43 ‘W
20-Contact LCC (RC, TC) 98 38 CW
8-Pin SO (S) 158 43 “C/W
NOTES:

1. Absolute maximum ratings apply to both DICE and packaged parts, unless
otherwise noted.

: A is specified for worst case mounting conditions, i.e., 8 \A is specified for
Supply Voltage ------ — device in socke, CerDIP, P-DIP, and LCC packages 9 is specified
INput-VoltEge ... covmuausimmimsimsin) £ | for device soldgre, i %cuit board for SO package.

Differential Input Voltage

ELECTRICAL CHARACTERISTICS atV = +15V, T, = +25

P L
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN MIN Y NITS
~
Offset
Voltage Vos B i i B 08 N L‘K\“ﬁ

npyt Bias | V., =0V 0.2 1 0.4 2 A
Current B CM™ N K
InRDfren | T 0.1 1 0.3 2 06 25 A
Current 0s L - N K

Input Voltage
pu 9 IVR (Note 1) +11 = = £11 - - +11 - v
Range
Common-Mode
: CMR V., =+11V 0 100 — 4 - =
Rejection CM 9 8 94 84 a4 dB
Power-Suppl
ISUPPY  psRR Vg =15V to +18V N 5 17.8 - 15 316 - 15 316 uviv
Rejection Ratio s
Large-Signal A R, =2kQ, Vg, =+10V ao 45 - 20 a5 3 20 35 - VImy
Voltage Gain Vo FI = 2002, v = 15V 12.5 18 = 10 16 = 10 16 - Z
Output Voltage v R, =2ku +11 125 ~ 11 +12.5 - +11 t12.5 v
Swmg 2] R = 2000 t10  +11.7 - +10 117 - +10 +11.7
Outpur | 80 80
Currant ouT - n & + - 180 ~ mA
Supply
I N - - _
Curcint - o Load 6.2 8 6.2 8 6.2 8 mA
NOTE:

1. Guaranteed by CMR test.
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ELECTRICAL CHARACTERISTICS atV_ = +15V, T, = +25°C, unless otherwise noted.

OP-64A/E OP-64F OP-64G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Disable Supply DISABLE =0V ) : )
nve BTE : - 0.75 1 . 0.75 1 - 0.75 1 A

Current 'sy o7 Total for both supplies m
o bz DISABLE = 0V - 0.5 . - 0.5 - 0.5 - mA

Current Dis
Slew Rate SR FlL = 2k 130 170 - 130 170 - 130 170 - Vius
Full-Power

T - 7 - . -

Bandwidth B\l’\r'p (Note 2) 2 2 2 2 2 2.7 MHz

RNENENION. e A, =+5 - 80 — - 80 . - 80 - MMz

Product

10V Step 0.1% - 100 - - 100 - - 100 - ns
(B HD) e s - - s - o
p Loop \ s
- - -~ 30 - - 30 - Q
Hesmlance /7
5 1 <
= g B nViHz
Current Noise : )
s i f, = 10kHz " %— / 5 = // ?.5/ - pANTE
External V
0s B _ - - _ -
Trim Range Rpo = 20k2 4 4 U 4 /
NOTES:
1. Guaranteed by CMR test.

/(hf( Mafg\\ [—Ay=+5 - b7 — - 57 - s 57 ~ degrees
_ 1UH - 30 - - - 30 -
Volt
Pl . I 100H - 10 - -
n f =1kHz 8 -
Density f° KH
= 10kHz - = [—~—
v
Supply Volt
it i 2 5 15 +18 5 #1518 15 iﬁ%v
Range
2. Guaranteed by slew-rate test and formula BWp =SR/(2r10Vpe k)



OP-64

ELECTRICAL CHARACTERISTICS at Vg =+15V, -40°C < T, < +85°C for OP-64E/F/G, unless otherwise noted.

OP-64E OP-64F OP-64G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Offset
- i : - : 3 - 1.5 f
Voltage Vos 0.5 15 1.0 3.5 mv
Input Bles ! V., =0V Z s 25 - 05 3 = 15 35 A
Current B L ’ ' ’ ’ ’ K
Input Offset
| V., =0V - 0.2 25 - 05 3 - 1 3.5 A
Current 0s CM 2 K
W yahags IVR (Note 1) +11 = = +11 = = +11 N & v
Range
Common-Mode ), Voot 86 100 = 80 94 - 80 94 - 8
Rejection M
Power-Supply
B . PSRR Vo =+5V to £18V - 5 31.6 - 15 50 - 15 50 pviv
Rejection Ratio s
N =+ - - _
i R, =2kQ, V, = +10V 20 40 15 35 15 35 G

VoltageNGa R =200Q, V, =5V 7.5 12 - 5 10 - 5 10 =

=

Vf\
=2kQ +11 123 - 11 £12.3 - 11 4123 - v
R=2009/‘\ +10 +11.5 - +10 115 - +10 115 -
e g
//\<N0Loadk LX m - 6.3 85 = 63 85 mA
N

Qutput Voltag
Swing

unply

1. G‘uaranleed by C
4T,k 125°Cfor0/ﬁ®tm /\

ELECTRICAL CHARACTERISTICS atV =+

41\\’
PARAMETER ~ SYMBOL  CONDITIONS M um‘rs

Offset %
v - i
o o 0.4 2 U / /% mv

Input Bias
| V., =0V - .35 2
Current 8 CM g %

Input Offset
gt los Vep =0V - 03 2 HA
It
InputMoliage IVR (Note 1) 11 - = v
Range
Common-Mode
Rejeciiof CMR Vg =11 86 100 - dB
Power-Supply B
Rejection Ratio PSRA Vg IS toha = 8 31.6 pvIv
Large-Signal R, =2kQ, V, =+10V 20 30 - VimV
Voltage Gain VO R, =200, V,, = 5V 75 10 - m
Oulpul Voltage v R, =2kQ 11 +12 -
Swing 0 R, =200Q +7.5 10 - ¥
Supply P
Current sy No Load - 6.4 8.5 _
NOTE: o

1. Guaranteed by CMR test.
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DICE CHARACTERISTICS

NULL
—IN

+IN

V-

NULL
ouT

Vs
DISABLE

SN AawN -

DIE SIZE 0.086 x 0.065 inch, 5,590 sq. mils
(2.18 x 1.65 mm, 3.60 sq. mm)

[

FER TE WK’@H 5@, unless otherwise noted.

PARAMETER LUI«;OL__ %@n m LIMITS UNITS
Offset Voltage \—ﬁ \\ ) ) { } ) / / /,\\"2.5 mV MAX
Input Bias Current I \_\,ﬁq =0 \ // / / / / \[Q_m 1A MAX
Input Offset Current los Vew=0V \/ / / ;
Bee =

Input Voltage Range IVR (Note 1) I\\ / / +11 / / / / V MI
Common-Mode Rejection CMR Veu=111V - I\\’ 84 / / / ~RWIN
Power Supply — L/ —~J

PSRR Vs=i5\l" to £18V 31.6 pVIv MAX

Rejection Ratio

OP-64GBC

3

A e ;

= +
“ e 7
Slew Rate SR R, =2kQ 120 Vius MIN
Supply Current sy Mo Load 8 mA MAX
NOTES:

1. Guaranteed by CMR test.
Electrical 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 qualifications through sample lot assembly and testing.
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TYPICAL PERFORMANCE CHARACTERISTICS

INPUT OFFSET VOLTAGE INPUT BIAS CURRENT
vs TEMPERATURE vs TEMPERATURE
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IMPEDANCE ()

INPUT OFFSET CURRENT (pA)

INPUT OFFSET CURRENT
vs TEMPERATURE
0.4
03 —3—
g
o\ i
0.1 P,
Iml‘“‘"""""‘-l-tl—n—..
0

=75 -50 =25 ] 25 50 75

TEMPERATURE (*C)

100 125

GAIN-BANDWIDTH PRODUCT, PHASE

MARGIN vs TEMPERATURE
T0 T T 140
oz
65 - FIL=200£1 120 =
‘ g
~—— =
% :\__J ] i mr.lé
g o 7 = cawr— * %
K 3 // e |
§ 50 Z ﬂ
o z
SRVANI=S%

L/

)L

-25 ] 25 50
TEMPERATURE (*C)

&
=
]
=]

-50 100

CLOSED-LOOP OUTPUT
IMPEDANCE vs FREQUENCY

S0 TTTTITm |
T, = +25°C
Vg = £15V
0 b
a0
20 | »
AygL = +100 ~ ’/-’
"VCL: «10 Ly
Aycy=+5 —
10 T
W/
//r 4
ot 1
-.|ﬂ
o
1k 10k 100k 1L’ 10M

FREQUENCY (Hz)

REV. A




0P-64

TYPICAL PERFORMANCE CHARACTERISTICS Continued

VOLTAGE NOISE DENSITY
vs FREQUENCY

CLOSED-LOOP GAIN
vs FREQUENCY
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TYPICAL PERFORMANCE CHARACTERISTICS continued

OPEN-LOOP GAIN
vs SUPPLY VOLTAGE
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LARGE SIGNAL RESPONSE (Vg = +15V)

5 e s
s Baac
20m\l’Il’JUmV 200ns

LARGE SIGNAL RESPONSE (V, = +5V)

QUTPUT

APPLICATIONS INFORMATION

POWER SUPPLY BYPASSING AND

LAYOUT CONSIDERATIONS

Proper power supply bypassing is critical in all high-frequency
circuit applications. For stable operation of the OP-64, the
power supplies must maintain a low impedance-to-ground over
an extremely wide bandwidth. This is most critical when driving
alowresistance or large capacitance, since the current required
to drive the load comes from the power supplies. A 10pF and
0.1uF ceramic bypass capacitor are recommended for each
supply, as shown in Figure 1, and will provide adequate high-
frequency bypassing in most applications. The bypass capaci-
tors should be placed at the supply pins of the OP-64. As with all
high frequency amplifiers, circuit layout is a critical factor in

LARGE AND SMALL SIGNAL RESPONSE
TEST CIRCUIT

—O DISABLE

During PC board layout, Keeg
short as possible to minimize mduct
gain-setting resistors should be as close as pos

FIGURE 1: Properpower supply bypassing is required to obtain
optimum performance with the OP-64.

reduce stray capacitance, remove the ground plane from the
area around the inputs of the OP-64. Elsewhere, the use of a
solid unbroken ground plane will insure a good high-frequency
ground.
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Vs

DISABLE

out

Rpgr = 20k TO 100k

V-

FIGURE 2: Input Offset Voltage Nulling

FIGURE 4: DISABLE Turn-On/Turn-Off Test Circuit

I|m|ts the DISABLE current to around 500pA if the DISABLE pin
ounded with the OP-64 powered by +15V supplies. These
athods have the added advantage of level shift-

OP-64 is disabled. The supply current drops to 1TmA and the
output impedance rises to 2kQ. To draw current from the DIS-
ABLE pin, an open collector output logic gate or a discrete NPN
transistor can be used as shown in Figure 3. Aninternal resistor

o Vour

2N2222

LOGIC GATE

WITH OPEN

Ve COLLECTOR/DRAIN
OuUTPUT

FIGURE 3: Simple circuits allow the OP-64 to be shut down.
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0P-64

drawing current from the DISABLE pin and disabling the ampli-
fier. The output voltage delay is shown in Figure 5 and takes
500us to reach ground due to the extra current supplied to the
amplifier by the 10uF electrolytic bypass capacitors. The turn-
ontime is much quicker than the turn-off time. In this situation as
the input to the 74LS04 falls its output rises, returning the OP-64
to normal operation. The amplifier's output turns on in 250ns.

(a)
QUTPUT
LOGIC INPUT
(b)
OQUTP\IT
LOGIC INPUT

FIGURE 5: (a) OP-64 turn-on and turn-off performance. (b)
Expanded scale showing turn-on performance of the OP-64.

OVERDRIVE RECOVERY

Figure 6 shows the overdrive recovery performance of the OP-
64. Typical recovery time is 270ns from negative overdrive and
80ns from positive overdrive.

VIDEO AMPLIFIER/TERMINATED LINE DRIVER

The OP-64 can be used as a video amplifier/terminated line
driver as shown in Figure 8. With its high output current capabil-
ity, the OP-64 eliminates the need for an external buffer.

ouT
10V/DIVISION

VIN
1VIDIVISION

FIGURE 6: OP-64 Overdrive Recovery

The 75€ cable termination resistor minimizes reflections from
the end of the cable. The 75¢2 series output resistor absorbs any
reflections caused by a mismatch between the 750 termination
resistor and the characteristic cable impedance. In this circuit
the output voltage, V ;. is one-half of the OP-64's output volt-
age due to the divider formed by the 75€ terminating resistors.
The output voltage at the end of the terminated cable, , AN—-—
spans —1V to +1V. The differential gain and phase for the video
amplifier is summarized in Table1.

TABLE 1: Differential Gain and Phase of Video Amplifier/Line
Driver

Differential Gain Differential Phase

Vg 3.58MHz S5MHz 3.58MHz 5MHz
0.008dB 0.016dB 0.03° 0.03°
0.008dB 0.018dB 0.03° 0.03°

=15V

FIGURE 7: Overdrive Recovery Test Circuit

O DISABLE

750 750 CABLE

FIGURE 8: Video Amplifier/Terminated Line Driver
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I SOURCE

2N2222

foudt shpw
designed to Hat

current is amplified and conve
transimpedance amplifier.

A JFET source-follower input is used to reduce tF
current of the amplifier to 100 pA and lower the input current
noise. Transimpedance of the amplifier is:

Vour _
lin

Ro

and for the values shown equals

|

Figure 10 shows the output of the transimpedance amplifier
when driven from a 1MQ source impedance. The input signal of
10pA_ is converted into an output voltage of (10pA) 2V/pA =
20V_ . Output slew rate is 100V/us. The slew rate is limited by
the combination of the capacitance of the JFET gate with the
1MQQ source impedance. For best performance, the stray input
capacitance should be kept as small as possible. The OP-97 is
used in an integrator loop to reduce the total amplifier offset
voltage to under 25pV.

800Q |
200Q

Vout _

I 1 ) 400k = 2V/pA
IN
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O
-15V

FIGURE 9: Fast Transimpedance Amplifier

FIGURE 10: fier

OP-64 SPICE MACRO-MODEL
Figure 11 shows the node and net list for a SPICE macro-triodel of
the OP-64. The modelis a simplified version of the actual device and
simulates important DC parameters suchas V¢, . Ig. A, o, CMR,
V, and lg,. AC parameters such as slew rate, gain and phase re-
sponse and CMR change with frequency are also simulated by the

model.

The model uses typical parameters for the OP-64. The poles and
zerosinthe model were determined fromthe actual open and closed-
loop gain and phase response of the OP-64. In this way the model
presents an accurate AC representation of the actual device. The
model assumes an ambient temperature of 25°C (see following

pages).
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FIGURE 11a: OP-64 SPICE Macro-Model Schematic and Node List

* PSpice is a registered trademark of MicroSim Corporation.
** HSPICE is a tradename of Meta-Software, Inc.
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9P~64 MACRO-MODEL o pmi 1389
» subckt OP-641 238 99 50
INPUT STAGE & POLE AT 39.8 MHz

ri 2 3 S5E11

r2 1 3 5E11

3 5 99 474.86

r4 6 99 474.86

5 4 7 423.26

6 4 8 423.26

cin 1 2 5E-12

c2 5 6 4.2106E-12
it 4 50 1E-3

ios 1 2 1E-7

eos 9 1 poly(1) 26 32 4E-4 1
gt 5 2 7 qgx

Q2 6 9 8 qx

* POLE AT 39.8 MHz
*

*

*POLE AT 159 MHz

r23 23 99 1E6
r24 23 50 1E6

c9 23 99 1E-15

¢10 23 50 1E-15

g11 99 23 22 32 1E-6
g12 23 50 32 22 1E-6
*

*POLE AT 159 MHz

*

125 24 99 1E6

26 24 50 1E6

ci1 24 99 1E-15

c12 24 50 1E-15

g13 99 24 23 321E-6
gi4 24 50 32 23 1E-6
*

*COMMON-MODE GAIN NETWORK WITH ZERO AT 20kHz
*

29 26 27 1E6

r30 26 28 1E6

15 27 99 7.9575

16 28 50 7.9575

g17 99 26 33 32 1E-11
g18 26 50 32 33 1E-11
*

* POLE AT 159 MHz

*

16.6666667E-3

16.6666667E-3
16.6666667E-3
16.6666667E-3

9 13 99 1E6
110 13 50 1E6

c5 13 99 4E-15

c6 13 50 4E-15

g3 99 13 11 32 1E-6
g4 13 50 32 11 1E-6
* ZERO-POLE PAIR AT 26.5 MHz /159 MHz
13 16 17 1E6

r14 16 18 1E6

115 17 99 5E6

116 18 50 5E6

i 17 99 5.005E-3
2 18 50 5.005E-3
g5 99 16 13 32 1E-6
g6 16 50 32 13 1E-6
* ZERO-POLE PAIR AT 31.8 MHz / 39.8 MHz
*

17 19 20 1E6

18 19 21 1E6

119 20 99 2.5157E5
r20 21 50 2.5157E5
13 20 99 1.006E-3
14 21 50 1.006E-3
g7 99 19 16 32 1E-6
g8 19 50 32 16 1E-6
* POLE AT 100 MHz

-

21 22 99 1E6

122 22 50 1E6

c7 22 99 1.59E-15
c8 22 50 1.59E-15
g9 99 22 19 32 1E-6
g10 22 50 32 19 1E-6

*MODELS USED

*model qx NPN(BF=2500)
*‘model dx  D(IS=1E-15)
*modeldy D(IS=1E-15 BV=50)
*ends OP-64

FIGURE 11b: OP-64 SPICE Net-List
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