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HA-2400/04/05

T-79-09
PRAM Four Channel
Programmable Amplifier

_ Features

g * Programmability
¢ HighRate Slew .............. vearcessnnsenss 30V/S
* Wide Gain Bandwidth ........ cenenas veese.. 40MHZ
e HighGain ........ecvennne tereessenasseans« 150KV/V
® Low Offset Current...... tearresasnnssesaranses SNA
® High Input Impedance ...... teesssencansceess SOMQ

* Single Capacitor Compensation
¢ DTL/TTL Compatible Inputs

Description

HA-2400/04/05 comprise a_ series of four-channel
programmable amplifiers providing a level of versatility
unsurpassed by any other monolithic operational amplifier.
Versatility is achieved by employing four input amplifier
channels, any one (or none) of which may be electronically
selected and connected to a single output stage through
DTL/TTL compatible address inputs. The device formed by
the output and the selected pair of inputs is an op amp
which delivers excellent slew rate, gain bandwidth and
power bandwidth performance. Other advantageous
features for these dielectrically isolated amplifiers include
high voltage gain and input impedance coupled with low
input offset voltage and offset current. External
compensation is not required on this device at closed loop
gains greater than 10.

Applications

¢ Thousands of Applications; Program:
> Signal Selection/Multiplexing
» Operational Amplifier Gain
» Osclillator Frequency
» Filter Characteristics
» Add-Subtract Functions
» Integrator Characteristics
» Comparator Levels
e For Further Deslgn Ideas, See App. Note 514.

Each channel of the HA-2400/04/05 can be controlled and
operated with suitable feedback networks in any of the
standard op amp configurations. This specialization makes
these amplifiers excellent components for multiplexing
signal selection, and mathematical function designs. With
30V/us slew rate, 40MHz gain bandwidth, and 30M ohms
input impedance these devices are ideal building blocks for
signal generators, active filters, and data acquisition
designs. Programmability coupled with 2mV typical offset
voltage and SnA offset current makes these amplifiers
outstanding components for signal conditioning circuits.

HA-2400/04/05 are available in a 16 pin Dual-In-Line
package. HA-2400 is specified from -550C to +1250C.
HA-2404 is specified over the -250C to +859C range, while
HA-2405 operates from 00C to +750C.

Pinout Schematic

HA1-2400 (CERAMIC DIP) HA-2400
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CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling pracedures should be followed.
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Specifications HA-2400/04/05

Absolute Maximum Ratings
Voltage between V+ and V-Terminals. ..........covvueen, 450V

Differential Input Voltage. ........... .. 2VSUPPLY
Digital Input Voltage ............. «...~0.76Vto +10.0V
OutputCurrent ......oviiiieniiineenans Short Circuit Protected

{Isc < £33mA)
Internal Power Dissipation{Note 13).....cccvveuvnnae +ee 300MW

T-79-09
Operating Temperature Ranges
HA-2400 ... 0iiieiiiinniierreennrnnnnn, -550C < Tp < +1250C
HA-2404 .. ..o iiiiivirerneees -250C < TA < +859C
HA-2405 ... coiiiiiieinineiiineeinnnnn, 00C < TA < +750C
Storage Temperature Range ............. -650C < TA <+150°C

Electrical Specifications Test Conditions: VgyppLy = £15.0V Unless Otherwise Specified.

Digital inputs: Vv, = +0.5V, V|4

= +2.4, Limits apply to each of the four channels, when addressed.

HA-2400/04 HA-2405
LIMITS LIMITS
PARAMETER TEMP MIN [ TYP f MAX MIN ' TYP ' MAX UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C - 9 - 4 9 mv
Full - - 11 - - 11 mv
Bias Current (Note 12) +259C - 0 200 - 50 250 nA
Full - - 400 - - 500 nA
Offset Current (Note 12) +259C - 50 - 5 50 DA
" Full - - 100 - - 100 nA
Input Resistance (Note 12) +250C - 30 - - 30 - MQ
Common Mode Range Full +9.0 - - +9.0 - - Vv
TRANSFER CHARACTERISTICS
| Large Signal Voltage Gain (Notes 1, 5) +250C 50k 150k - 50k 150k - Vv
Full 25K - - 25K - - VN
Common Mode Rejection Ratio
(Note 2) Full 80 100 - 74 100 - dB
Gain Bandwidth (Notes 3,14) +250C 20 40 - 20 40 - MHz
(Notes 4,14) +250C 4 8 - 4 8 - MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1) Full +10.0 | £120 - +10.0 | +£120 - v
Output Current +250C 10 20 - 10 20 - mA
Full Power Bandwidth (Notes 3,5,15) +250C 200 500 - 200 500 - kHz
(Notes4,5,15) +250C 100 200 - 100 200 | - kHz
TRANSIENT RESPONSE
Rise Time (Notes 4,6) +250C - 20 45 - 20 50 ns
Overshoot (Notes 4,6) +250C - 25 40 - 25 40 %
Slew Rate (Notes 3,7) +250C 20 30 - 20 30 - V/us
{Notes 4,7,14) +250C 8 - 6 8 - Vius
Settling Time (Notes 4,7,8,14) +250C - 1.5 25 - 1.5 25 us
CHANNEL SELECT CHARACTERISTICS
Digital Input Current (V|y = OV) Full - 1 15 - 1 15 mA
Digital Input Current (V| = +5.0V) Full - 5 - - 5 - nA
Output Delay (Notes 9,14) +250C - 100 250 - 100 250 ns
Crosstalk (Note 10) +250C -80 -110 - -74 =110 - dB
POWER SUPPLY CHARACTERISTICS
Supply Current +250C - 4.8 6.0 - 4.8 6.0 mA
Power Supply Rejection Ratio (Note 11) Full 74 80 - 74 80 - dB
NOTES:

1. Rp=2k0

2, Vpgpm = +5VDC

3. Ay =+10, Coomp = 0, R, = 2kQ, C_ = 50pF.

4. Ay =+1,Coomp = 15pF, Ry = 2kQ, Cp = S0pF.

5. VoUuT = 20V peak to peak.

8. Vourt = 200mV peak,

7. VouTt = 10.0V peak to peak.

8. To 0.1% of final value.

9. To 10% of final value; output then slews at normal rate 1o final valua.

10, Unselecled input to output; Vjy = £10V D.C.

1. VgyppLy = £10V D.C. fo 20V D.C.

12. Unselected ch Is have approxi

13, Derate by 4.3mW/OC above 105°C.

14. Guaranteed by design.

15. Full Power Bandwidth based on slew rate measurement using:
FPBW = — SR _

257 Vpeak

tely the same input parameters,
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HA-2400/04/05

Normalized Value Referred to +15.0V

INPUT BIAS CURRENT AND OFFSET

CURRENT AS A FUNCTION OF TEMPERATURE
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T-79-09

Typical Performance Curves V+=+15VD.C,V-=-15V D.C, T = +250C, Unless Otherwise Specified.

NORMALIZED A.C. PARAMETERS

vs. TEMPERATURE

12
2]
(=]
S o,
+ 74%
g n N 'O)
3 N\
[~
2
m
< 19
1)
3
=
>
° SLEW RATE \
N o9
‘©
g
&
5 N
2

-55[-50 ~25 0 425 +50 475 +100 +#125

Temperature (°C}

OPEN LOOP FREQUENCY AND PHASE RESPONSE

0 [ F o T 1T TTI T TTi T 0
e p ot ddPecs b bblecke dufiddi ] CROSSTALK REJECTION, Ay = +1
2 BRNRN T :z
<1 _\‘\‘\ H o]
“ = 1 ~ M = -. . N gu
SO Ty
0 = Sl 120
0 S~ N 150
iR
Ccomp = OoF T [+
8T == = Ccome = 150F GAIN 180
0 RTINS R Ll 210
) 100 I3 10K 100K ™ 1M 100M
FREQUENCY (Hz)
FREQUENCY RESPONSE vs. Ccomp
120 T
we 1]l
100 =3 =1 PRI
80 LI A00F
Simg s 4
s0 | RIINSTHE R :4 i
a Pantipg iy NSy
ol ooz T T TP ISR TN
00pF Sy ¥ gy
0 Lt om!F 1 Na L
ol [ 1 l
0 100 I3 10K 100K ™ 10 100M
FREQUENCY {Hz)
OPEN LOOP VOLTAGE GAIN
vs. TEMPERATURE
10 T I T
Pl
[ VsuppLy = 2200V
Vsuppry = :ISOV\
| VsuppLY ':'DVWX A
10— 8! N\
S
g | ' I N
~= 100 + /,
= H
‘e
(4] ‘%
7]
95
H H
N !
R

+25

.
450 +75  +#100 +125

Temperature {°C)

PHASE ANGLE-DEGREES

2-11

0
Q
<
o
<
o
Q
<
\
<
=

OP AMPs &
COMPARATORS




HARRIS SEMICOND SECTOR woe » J vaneavy oosanee 2 |
HA-2400/04/05
T-79-09 . —

Typical Performance Curves (Continued)

OUTPUT VOLTAGE SWING vs, FREQUENCY EQUIVALENT INPUT NOISE vs. BANDWIDTH
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Typical Applications «
HA-2400 HA-2400
AMPLIFIER, NON-INVERTING PROGRAMMABLE GAIN SAMPLE AND HOLD
\J NS
INPUT Do Do
—{7] oEcoDEs 18— mi DECODE/ [—{18
E | —] CONTROL] Dy ‘__5}___ OIGITAL _E I CONTROL | Dy =
| | GCONTROL | 5] = S_I_
'__ ENABLE "‘_'4'}_ ENABLE 14 H
L4 DIGITAL { DIGITAL
Eﬁ_‘ GND E—_Lenouun ’ _{:5 GND [13 GROUND
INPUT
= = =
&} COMP - 52 comp
| 7] 2 oo | 7] ] g
—& i & o
io}—-7—0 10}——o
OUTRUT QuTPUT ouTPUT ouTPUT
AMP v- EW° AMP v- EW
S |
1 Sample Charging Rate = L v/sec. Y2150 x 10-6A
4 | ¢ + l22200 x 10794 @ +259°C
S Hold Drift Rate = —2- V/Sec. 2600 x 10"9A @-559C
200 ¢ 4 100 x 10-9A @ +1259C
3 Switch Pedestal Error = ry Volts Q a2 x 10-12 Coul.
::500
.JL For More Examples, See Harris Application Note 514
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Package Configuration

.300 CERAMIC DUAL-IN-LINE "‘/ — %. 20
Q D lest
1;[1 i t
: -
L k i —l_.ﬂ
+=B1 5;3—-—”._ :EL_

piG.] EaD |om. | o | o | om. | oim. | om. | oim. | o | Dim OIM.
copoe|count| A | a1 | B | BI | € D E | B | e a
Al 8 | — [ o6 050} 008} 375 | 245 | 200 { 100 £
551 | 200 | 960 | 023 | «0es | of5 | 395 | 265 | 310 | BSC 150
Bt | 14 | = | 140 | 016 | 050 | 008 | 763 | 265 | 200 | 00 | 25 | 450 | — | g0s | 15 | 09
msi | 200 | 470 | 023 | 065 | 015 | 785 | 285 | 316 {Esc | Feo | — | Ge8 | — | .060 | 150
p2 | 18 | — | .40 | 016 | 50 | 008 | 753 | 285 | 300 | ac0 § 25 | as0 | — | 005 | 015 | 0
Isi |200 | 470 | 623 | os5 | 15 | 785 | 305 | 320 [Bsc | qs0 | — | oee | — | 060 | 15°
ct | 16¢ | = | .40 | 016 | 050+ | 008 | 753 | 265 | 200 | 100 | 25 | As0 | — | 005 | 015 | 09
Msi | 200 | 170 | 023 | 065« | 015 | 765 | 285 | 310 | BSC | e0 | — 080 | — | .00 | 150
c2 | ter | — | 40 | 016 | o50-| 08 | 753 | 285 | 300 | oo | 25 | 50 | — | 005 | 615 | 09
151 | 200 | 770 | 023 | 065+ | 015 | 765 | 305 | 320 |@SC | 80 | — | 080 | — | 060 | 15°
p | 18 | = | 40 | 016 | 050+ { 008 | .82 | 285 | 300 | .100 | .25 | as0 | —_| 005 015} 00
Lsi |.260 | .70 | oz | 065+ | 015 | 815 | 305 | 320 jBSc | as0 | — | .ws8 | — | .00 | 150
E | 20 | — | .40 | 016 [.os0%] 008 | a0 | 285 |. 00 | a2s | aso | = | 005 | 015} 00
tsi |{.z00 | 370 | 023 | 065- | 015 | 70 | =05 | 320 | BSC | 180 | —~ | w80 | — | .60 | 15°

0.035

* End leads are half leads where B remains the same and B1 i ————
** Solder dip finlsh add +0.003 inches 0045

.400 CERAMIC DUAL-IN-LINE

G n .600 CERAMIC DUAL-IN-LINE

§1-—

=]

«B1 ‘B*“* gl
e

([T

PKG. | LEAD |DIM. | DiM. | DIM. | DiM. | DiM. | DiM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM.
CODE|COUNT| A Al B B1 c D E E1 e L 8] [ s1 Q o

F | 22 | — |50} 016 ] 050 00s | 1055 375 | 395 | ;500 | .25 | 450 | — 1 005 | 015 00

400§ st |.225 | Y80 | 23 | o5 | 015 | 7085 | 395 | 435 | BSC | 80 | — | 080 | — | .060 | 15°

G 28 | — ] .as0 | o6 | oso | oo | 124 | 515 | §95 } 00 | 25 | 150 | —_| 005 | Q15 00

. 60 | tst |.325 | Jeo | 023 | 065 | 015 | 127 | 535 | 615 | BSc | .e0 | — |} 098 | — | .060 | 15°
H 2 | — |.as0 | .06 | os0 | 008 | 144 | 615 | 595 | 100 | 125 } 150 | — | 005 | 015 [

600 ] UsT |.225 | Jo0 | 023 | w65 | o15 | i47 | 535 | 615 [esC | qe0 | — | o088 | — | .00 | 15°

* Solder dip finish add +0.003 inches.
NOTE: Dimenslons are %’;ﬂ Dimensions are in inches. BSC means basic spacing between centerlines.
ax
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Package Configuration

WOO SIDEBRAZE DUAL-IN-LINE

T-90-20

PKG. | LEAD | DIM. | DiM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM.

DIM. | DIM. | DIM.

DIM. DIM. DIM.
CODE|COUNT| A Al B Bi c b E E1 e L 1 s s1 Q
1 18 |.— | 80| 016 | 0a5 | 008 | o0 | 280 | .200 | d00 | 25 | 450 | — | 085 028
200 410 023 060 015 910 300 310 BscC 180 - 098 - 045
m .600 SIDEBRAZE DUAL-IN-LINE
Q D .
Al e
i ) ——
Al bl
_d I /T
Jd L1
_ b
ol b
B1 Et

pxG. ] teap |om. | oM. | oM. | oM. | oM. | om. | oim. | pim. | 1M, | DIM. | DIM. | DIM. | DIM. | DiM.
CODE|COUNT| A | A1 B | 81| ¢ D E | & e L | u s | st]| o

J 24 | — | 080 | o6 ] os0 | 008 | 1185 | ser [ se8 | 100 | 125 | 450 | | 005§ 040

225 | 70| 023 | 954 | 05 | 1215 603 | 612 | BSC | 80 | — | 080 | — | .060

k | 28 | — | os0| o16 | 040 | 008 | 1365 | ser [-se8 | .t00 | 25 } 50§ — | 005 | 080

225 | 110 | ©23 | ©54 | ©15 | 7415 | %03 | &2 | BSC | 180 | — | o080 | — |} 060

L | 4 | — | oso| o6 | o0 | .08 f 1es01 se7 [ 98 | 00 | 125 | 50} — ) 005 | 040

225 | 70| T2 | o5a | o5 | 2020 | B03 | ®12 | BSC | .ds0 | — | 080 | — | .060

NOTE: Dimensions are % Dimensions are in inches.
a
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BSC means baslc spacing between centerlines.
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HARRIS SEMICOND SECTOR 10E D l 4302271 Opl2sezk sl
Package Configuration 7-90-20

mm .300 PLASTIC DUAL-IN-LINE
r D
Q

| , ]
Bl TE

g9

PKG. | LEAD |om. | Dim. | Dim. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM. 1 DIM.

cooe|count| a1 | B | Bt | ¢ | D E | E1 | e L s jao| «a
M 8 |.25 | .01 | .50 | 008 | 70 | 25| 2001 000 | .10 | .030 | 20 | 0°

S5 | oz3 | oo | o5 | 3% | 265 | 510 | 10 | 50 | 650 | 040 | 189

N 14 125 018 .050 .008 750 245 290 080 110 030 | .020 0°

a0 | ‘23 | ©0 | o1 | 770 | 265 | 310 | 130 | 350 | ‘050 | 040 | 180

o | 16* .25 | o016 | .050 | .08 | 750 | 245 | 290 | 090 | 410 | 025 | 020 | 0O
Ja0 | o5 | oo | o1 | 770 | 265 [ 390 | T | 750 | 035 | 040 | 180

p | 8 |25 | ote | oso| oon | oo} 205} 200 s [ 410 00| om0 | 0o
140 023 070 015 820 265 310 A10 450 060 040 150

o | 20 |.30 | 16| 050 .o08 | 1.000| 250 | 200 | .80 | 10| 060 | 020 | 0°

Haz | oz3 | oro | 015 | 1056 | 270 | 830 | 110 | 150 | 080 | 646 | s°

0.035
* End leads are half leads where B remains the same and Bl is ——
**+ Solder dip finish add 0.003 Inches. 0.045

WOO PLASTIC DUAL-IN-LINE

PKG. | LEAD |DIM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM. | DIM.
CODE |COUNT| At B 81 c D E E1 e L S Q a

R | 20 |.4s | 016 | .050 | 008 | 124 | sa0 | 690 | .080 | .10 | 045 | 020 | 00
55 | 023 | ‘070 | Tois | 126 | Beo | “e%0 | T390 | 750 | 085 | 040 | 15°

S 28 145 | 016 -050 | .008 1.54 .540 | 590 .0%0 | .110 110 020 08
185 023 070 015 1.57 .560 | 610 | .110 150 160 .040 150

* Solder dip finish add 0.003 inches.

NOTE: Dimensions are %‘)—( Dimensions are in inches. BSC means basle spacing between centerlines.
a
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HARRIS SEMICOND SECTOR

R EELEEE
Package Configuration

.350 CERAMIC LEADLESS CHIP CARRIER*

.450 CERAMIC LEADLESS CHIP CARRIER*

.650 CERAMIC LEADLESS CHIP CARRIER*

A
e o]
BOTTOM VIEW
J L2
==X
e B
e 45
! = D L |
at!
PKG. LEAD Jom. | oim. | oim. | Dim. | DM | DM, | DIM. | DIM.
CODE|COUNT| A At B D E e L L2
T 20 073 083 022 342 342 050 045 075
350 SQ | .088 077 028 358 358 BSC 055 095
v 28 |.074 | 064 | 022 | 442 | 442 | 050 | 045 | 075
450 sa| 088 076 028 458 A58 8sc 055 085
v 44 |.o73 | 063 | 022 | 643 | 643 | 050 | 045 | .075
850sQ| 089 077 028 662 £62 BSC 055 085

* Solder dip finish for military parts conform to MIL-M-38510, Type A.

pouzaz? 7 |

T-90-20

TO-99 METAL CAN
TO-100 METAL CAN
BOTTOM VIEW
¢D
PKG.| LEAD |DIM. | DIM. | DIM. | DIM.| DIM. | DIM. | DIM. | DIM. | DIM.
CODE[COUNT| A | ¢8 | @D e F K Ki L Q
w 8 l.aes | 016 | 3a5 | 00} 020 | 028 ) 028 | 505 015
T0-99 | 765 | 096 | 365 | 210 | 046 | 034 | 040 | 550 | 040
x | w |.aes| o6 | 345 220 | 000 [ oz} g2 | 505} 015
TO-500 | 185 | ©%6 | T365 | 240 | 040 | 034 | 040 | 550 | 040
* Solder dip finish add +0.003 inches.
Min

PACKAGING

NOTE: Dimensions are Max' Dimensions are in inches.

11-5

BSC means basic spacing between centerlines.




HARRIS SEMICOND SECTOR

L0E D l 4302271 O

Package Configurauun

TO-8 METAL CAN

n1282a 1 J
T-90-20

. BOTTOM VIEW
#D
PKG.| LEAD |DIM. | DIM. | DiM. | DIM.| Dim. | DM | DIM. | DIM. | DIM.
CODE|COUNT| A | ¢B | ¢D e 02 F K1 L
Y 12 13301 016 | 585 | 400 | 100 } 020 ) 027 | .027 | .500
TO-8 | 750 | @21 | B15 | BSC| BSC | 040 | 034 | 045 | 550
AA F=3.\ed pLASTIC LEADED CHIP CARRIER
TOP VIEW SIDE VIEW
_ O‘l 035R
nonmn / TP,
I
B1
O N 1
O ] N
R 0 T8
e 1
—E——T 0 ,
O u .
k.
[ o Sy o g I
D1 I
D 1 A
PKG.| LEAD |DiM. | Dim. | om. | oM. | om. | oim. | Dim.
CODE[COUNT| A 8 B1 | D/E | DI/EL| e Q
AA | 20 paes | 013 { 026 | .385 | .350 | .050 | .020
180 | 021 | "032 | 395 | 356 | BSC | —
AB 28 165 ) 013} .026 | 485 | 450 | 050 | .020
180 | 021 | (032 | 495 | 456 | BSC | —
AC 44 |aes | L0181 .02 | 685 | .650 | .050 | 020
T80 | 021 | 032 | 695 | 656 | BSC | —
NOTE: Dimensions are % Dimensions are in inches. BSC means basic spacing between centerlines.
ax 11-6
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