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TECHNICAL ASSISTANCE

For technical assistance on the Harris products listed in this databook, -~
please contact the Field Applications Engineering staff available at one of the follow-
ing Harris Sales Offices:” =

UNITED STATES .
CALIFORNIA - - CostaMesa ....o.oiviveeununenensn. 714-433-0600
SanJose ... .iiiiiii i 408-985-7322
Woodland Hills . .. ................... 818-992-0686
FLORIDA ‘ Melbourne ... .b ..................... 407-724-3576
GEORGIA DUt . + e et et e eie e eeeaenns 404-476-2035
ILLINOIS - Schaumburg. ...l 708-240-3480
- MASSACHUSETTS Burlington. . ...ovveenreeei e 617-221-1850
NEW JERSEY oMt Laurel. ... 609-727-1909
NEW YORK - GreatNeck.............viiinen.. 516-829-9441
TEXAS Dallas . ..o eeereeenreeeaiieeaaias 214-733-0800

INTERNATIONAL
FRANCE : PariS. .o .eeee e 33-1-346-54046
GERMANY MURICh ..t eie e eee 49-8-963-8130
HONG KONG L KOWIOON .. 852-723-6339
ITALY | Milano. .. ..oe e 39-2-262-22141
JAPAN TOKYO « v vveeeeee e eieeenanaas 81-33-345-8911
" KOREA T U 82-2-551-0931
UNITED KINGDOM Camberley ........cccvvvvenennnn.. 44-2-766-86883
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CD40102BMS,
CD40103BMS
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Jupiter’s trapped radiation belts present a severe total
dose environment. Harris rad hard SRAMs continue to
operate long after Voyager’s journey through those belts.

Semiconductors performing signal processing and control
functions are at the heart of today’s electronically controlled
systems. Many of these systems such as commercial
satellites, scientific space probes, and military systems are
required to operate in radiation environments of various
severity. The designers of these systems must anticipate
and account for the effects of the environment on the
components used to build them in order to ensure system
performance and reliability. Harris Semiconductor has been
the leader in the design and production of radiation
hardened semiconductors since the early 1960’s. Harris
offers the rad hard system designer the widest choice of the
highest performance hardened semiconductors available
anywhere: CD4000 and SOS Logic, epi and SOS memories,
microprocessors and peripherals, and analog, interface, and
data converter circuits. Harris also has the capability to
produce gate arrays and full- or semi-custom analog or
digital circuits to round out the options available to the
system designer. Harris commitment to the rad hard
semiconductor market is illustrated in our development of
advanced SOS and SOl fabrication processes; these
processes will allow the design of new generations of circuits
with hardness and performance levels superior to those
obtainable with junction isolated processes.

Unlike many semiconductor manufacturers who produce
space capable semiconductors as a sideline, Harris
considers radiation hardened space level ICs and discretes
to be a core business. Our products and processes are
designed, from original concept, to meet the full rigors of
radiation environments. When you buy from Harris Semicon-
ductor, you can be assured of receiving radiation hardened
products of the highest quality and long term reliability.

Types of Radiation & Effects on Semiconductors

There are several types of radiation with significant effects
on semiconductors. The types of radiation encountered in
different environments are listed in the table on page 2-4,
and their effects on semiconductors are described here.

Designing for Radiation Environments

Total dose is the measure of energy absorbed due to
ionizing radiation. lonizing radiation can be in the form of
photons (such as X-rays or gamma rays) or particles (such
as electrons or protons). lonizing radiation, as the name
implies, creates electron-hole pairs or ionization in the silicon
and insulating materials used to fabricate integrated circuits.
When the rate of ionization is low, as it is for a satellite
traversing the Van Allen belts, electron-hole pairs produced
in silicon are quickly swept away to the circuits’s power
supply notes, and have negligible effects on circuit
operation. In the insulating layers of the circuit, electrons are
also swept to the positive supply node. Holes, however,
move much more slowly than electrons and tend to become
trapped at the silicon/insulator interface. When this trapped
charge builds up at the channel of a MOS transistor, the
transistor's threshold voltage will shift. Charge that builds up
along the silicon surfaces between transistors causes
leakage, performance degradation and eventually, functional
failure. The amount of total dose received is measured in
RADs(Si).

Extremely short, intense bursts of ionizing radiation can also
have severe impacts on a circuits’s operation. These types of
irradiations are commonly referred to as gamma dot or dose
rate irradiations (gamma dot refers to the time derivative of
gamma dose). The total amount of ionization (total dose)
received by a circuit during one of these ionizing pulses can
be quite low. In this case, trapped charge at silicon/insulator
interfaces will be insufficient to degrade device performance.
A large amount of charge produced in the silicon, however,
creates a large current pulse as it is swept to the supply
nodes. This current pulse can cause momentary oufput
glitches, change the state of a RAM cell or other bistable
circuit element, or trigger latchup in non-epitaxial junction
isolated circuits. The dose rate level a circuit can withstand is
measured in RADs (Si)/s.

Neutron irradiations damage circuits by knocking silicon
atoms out of their place in the crystal lattice. While this will
severely impact bipolar transistor gains, MOS transistors
(and, therefore, CMOS circuits) are not impacted except at
extremely high fluence. At these extremely high levels, the
accompanying total dose will impact the circuits much more
severely than the displacement due to neutrons. Neutron
irradiations can cause severe degradation in bipolar circuits
due to the reduction in minority carrier lifetimes that result
from displacement damage. Neutron fluence is measured in
Neutrons/cm?,

A single, energetic, highly ionizing particle travelling through
a memory circuit is known as a single event. As the particle
travels through the circuit it leaves an ionized trail. The
charge in this trail is collected by nearby circuit modes.
Collected charge due to single events can cause momentary
changes in output voltages, change the state of a RAM cell
or other bistable circuit element, or trigger latchup in a non-
epitaxial junction isolated circuit.
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Radiation Environments
RELATIVE INTENSITY OF RADIATION TYPES

IN VARIOUS ENVIRONMENTS. ..
HEAVY
IONS
TOTAL DOSE (SINGLE
ENVIRONMENT DOSE RATE NEUTRONS | EVENT)
Low Equatorial Low Very Low None Low
Earth Orbit .
Low Polar Earth Moderate | Very Low None Moderate
Orbit
Geosynchronous Moderate | Very Low None High
Earth Orbit .
Deep Space Moderate- | Very Low None High
High
...AND IN VARIOUS APPLICATIONS
HEAVY
IONS
TOTAL DOSE (SINGLE
APPLICATION DOSE RATE NEUTRONS | EVENT)
Tactical Weapons Low High Low None
Strategic Weapons | Very High | Very High Very High Moderate
sDI . Very High | Very High | Very High High
Reactor Very High | Moderate Very High None
Instruments
Producing Rad Hard ICs

There are three factors that are essential for the production
of radiation hardened ICs process design and control, circuit
design, and hardness assurance. By far the most important
of these factors is process design and control. Harris has
developed several different process technologies to provide
the levels of hardness necessary for the harsh environments
in which modern electronic systems operate.

Harris 4K and 16K SRAMs, 16K fuse link PROM, and
CD4000 family and microprocessor family are fabricated on
hardened field epitaxial junction isolated processes. Special
low temperature gate and field oxide processing steps and
other proprietary processing techniques are used to
minimize the generation and trapping of charge that results
in circuit degradation with accumulated total dose. The
optimized epitaxial layer thickness prevents latchup due to
high dose rate irradiations or high LET single events.

Dielectrically isolated (DI) CMOS technology is used to
fabricate Harris’ rad hard MUXs and switches; bipolar DI is
used for the rad hard op amps and 24XRH line drivers and
receivers. These DI processes eliminate the possibility of
latchup, and hardened gate and field oxides provide excel-
lent total dose hardness.

Harris 64K RAMs (HS-65643RH and HS-65647RH) and the
HCS/HCTS and ACS/ACTS logic families are produced on a
1.2um silicon on sapphire (SOS) process. This process
provides high levels of total dose immunity and extreme
single event upset immunity. Since this is-an insulation

isolated process, latchup is not possible under any condition.
Another advantage of the insulation isolation processes is
the elimination of the capacitances associated with the
reverse biased junctions used for isolation in a JI process.
The elimination of these capacitances increases circuit
speed significantly.

The next generation of digital radiation hardened processes
are now in development at Harris. A submicron silicon on
insulator (SOI) process using implanted oxygen to form the
isolation layer will be used to build Harris’ 256K Rad Hard
SRAMs and future digital circuits. This process will give
these circuits excellent hardness and speed. Access and
read/write cycle times for the 256K SRAM are 35ns guaran-
teed over specified temperature, supply voltage, and
radiation exposure. This insulation isolation process also
prevents latchup under any conditions.

The processes used to fabricate hardened ICs are designed
to minimize the effects of radiation on device, and therefore
circuit, operation. Conversely, circuit designs are optimized
to provide the maximum tolerance to the device level effects.
An example of a circuit hardening technique is the use of
Miller capacitors in Harris’ 64K bit SRAM cells. These
capacitors significantly increase the amount of deposited
charge necessary to cause upset, making the circuits much
less susceptible to single events.

Finally, a hardness assurance program must be in place to
ensure the processes used are in control. Hardness
assurance at Harris takes place primarily by SPC (Statistical
Process Control) of the wafer fabrication, assembly, and test
processes. End of line testing is also performed (e.g. Method
1019 compliant testing for total dose hardness), but the
emphasis at Harris is on process control. QML (Qualified
Manufacturer’s List) hardness assurance techniques are
currently in place for the wafer fabrication processes, and
are being implemented in assembly and test.

L

In deep space or Earth orbit, Harris rad hard circuits
perform rellably for years.
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HARRIS

SEMICONDUCTOR

HS-508ARH/883S

Radiation Hardened 8 Channel CMOS
Analog Multiplexer with Overvoltage Protection

@

December 1992

Features

¢ This Circuit is Processed in Accordance to MIL-STD-
883 and Is Fully Conformant.Under the Provisions of

Pinouts

HS1-508ARH/883S 16 PIN SIDEBRAZE DIP
CASE OUTLINE D-2, COMPLIANT TO MIL-M-38510 PACKAGE

Paragraph 1.2.1. TOP VIEW
¢ Radiation Environment v,

- Gamma Rate (¥) 1 x 10® RAD(Si)/s so [1] ie] a1

- Gamma Dose () 1 x 10° RAD(SI) en [2] 5] A2
* Analog/Digital Overvoltage Protection ~vsup [3 14] GND

N1 [3] 13] +VSUP

* Fail Safe with Power Loss (No Latchup) w2 [E] s 3
 Break-Before-Make Switching N3 [E] 1] ING
o DTL/TTL and CMOS Compatible INa [7] 0] IN7
 Analog Signal Range +15V our [g] BLY

* Fast Access Time
e Supply Current at 1MHz Address Toggle (Typ.) 4mA
¢ Standby Power (Typ.) 7.5mW

HS9-508ARH/883S 16 PIN FLATPACK
CASE OUTLINE F-5A, COMPLIANT TO MIL-M 38510 PACKAGE

« Dielectrically Isolated Device Islands TOP VIEW
Description A ———4 16— A1

EN ]2 15— A2
The HS-508ARH/883S is a dielectrically isolated, radiation VSUP ——————3 14— GND
hardened, CMOS analog multiplexer incorporating an Nt C——— 4 13 |——— .vsupP
important feature; it withstands analog input voltages much N2 15 7} seemm— | 1
greater than the supplies. This is essential in any system Ns —————& 11— ns
where the analog inputs originate outside the equipment. O — L 10— 7
They can withstand a continuous input up to 10V greater ouT —————8 S————1 s
than either supply, which eliminates the possibility of

damage when supplies are off, but input signals are present.
Equally important, it can withstand brief input transient
spikes of several hundred volts; which otherwise would
require complex external protection networks. Necessarily,
ON resistance is somewhat higher than similar unprotected
devices, but very low leakage current combine to produce
low errors. Reference Application Notes 520 and 521, avail-
able from the Semiconductor Products Division of Harris, for
further information on the HS-508ARH/883S multiplexer in
general.

The HS-508ARH/883S has been specifically designed to
meet exposure to radiation environments. Operation from
-55°C to +125°C is guaranteed.

MULTIPLEXERS &
SWITCHES

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
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Functional Diagram
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Specifications HS-508ARH/883S

Absolute Information

Reliability Information

Supply Voltage Between Pins1and27 .................. +40V  Thermal Resistance .............oouue eA»a egg
+VSUPPLYtoGround .......ccvviiiiiiiiiiinnnnnn, +20V Sidebraze Package ................. 747°CW  12.4°CW
SVSUPPLY to Ground . ..o vvvviiii i vannnnes -20V Flatpack Package «.........ccovunnn 85.0°C/W 11.1°CW
Analog input Overvoltage: Total Power Dissipation. . ..coovivieiniiiiniieennnas 725mwW
B +VSUPPLY 420V Gate Count . ...cvniniiiiiiiiiieeen s eennnns 253 Gates
L £ -VSUPPLY -20V  ESD Classification. . . ....ccoviiiiiiiiiiiiiininnn., Class 1
Digital Input Overvoltage:
HFVEN, +VA L +VSUPPLY +4V
VEN,-VA e s -VSUPPLY 4V
Peak Current, S or D Pulsed at 1ms,
10% Duty CycleMaximum .......cooviinnennennn 40mA
Storage Temperature Range ..........cooou.n -65°C to +150°C
Junction Temperature. .. ...ovvviiiiiiiiiiiienennnns +175°C
Lead Temperature (Soldering 10s). . ......coeevvvenn.. +275°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or.any other conditions above those indicated in the op of this specification is not implied.

Operating Conditions-

Operating Supply Voltage (tVSUPPLY).................... +15V  LogicLowlevel (VAL)........coovviiniiiiiiinnenennn. +0.8V
Operating Temperature Range................ -55°C to +125°C  Logic High Level (VAH) ... ..coviiiiiiiiiiiiinneeinnn +4.0V

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested = Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V

GROUP A LIMITS
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE MIN MAX | UNITS
Input Leakage Current, 1AH Measure Inputs 1,2,3 +25°C, +125°C, | -1000 1000 nA
Address, or Enable Pins AL Sequentially Ground All -55°C
! Unused Pins
Leakage Currentinto the | +IS(OFF) | VS =+10V, All Unused 1 +25°C -10 10 nA
Terminal of =-
e enminal of an ppuis and Ouiput = 10V, 2,3 +125°C,-55°C | 50 | 50 | nA
-IS(OFF) | VS =-10V, All Unused 1 +25°C -10 10 nA
Inputs and Output = +10V,
VEN 20.8V 2,3 +125°C, -55°C | -50 50 nA
Leakage Currentinto the | +ID(OFF) | VD =+10V, VEN = 0.8V. 1 +25°C -10 10 nA
Drain Terminal of an AllU d Inputs = -10V
“OFr Switch nusecinpy 2,3 +125°C,-65°C | 250 | 250 | nmA
-ID(OFF) |VD=-10V, VEN =0.8V. 1 +25°C -10 10 nA
All Unused Inputs = +10V 2,3 +125°C,-55°C | -250 | 250 | nA
Leakage Current Into the | +ID(OFF) | VS =+25V, Measure VD, 1,2,3 +25°C, +125°C, | -2000 2000 nA
Drain Terminal of an Overvoltage | VEN = 0.8V, All Unused -55°C
“OFF” Switch With Inputs to GND
Overvoltage Appli
ervoltage Applied -ID(OFF) | VS =25V, Measure VD, 1,2,3 +25°C, +125°C, | 2000 | 2000 | nA
Overvoltage | VEN = 0.8V, All Unused -55°C
Inputs to GND
Leakage Current from an +ID(On) VS =VD =+10V, 1 +25°C -10 10 nA
“ON” Driver into the VEN =4.0V.
Switch (Drain & Source) All Unused Inputs = -10V 23 +125°C, -85°C -250 250 nA
-ID(On) VS =VD=-10V, 1 +25°C -10 10 nA
VEN = 4.0V.
All Unused Inputs = +10V 2,3 +125°C, -55°C -250 250 nA
Analog Signal Range Vs 7,8A, 8B +25°C, +125°C, -15 +15 v
-55°C

MULTIPLEXERS &
SWITCHES




Specifications HS-508ARH/883S

-] -Device Guaranteed and 100% Tested Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

GROUP A LIMITS
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN MAX | UNITS
Switch On Resistance +R(On) | VS=+10V, 1 +25°C - 1500 ohms
IOUT = -100pA,
VEN = 4.0V 1,2 -55°C, +125°C - 1800 | ohms
-R(On) VS =-10V, IOUT = +100pA, 1 +25°C - 1500 ohms
VEN = 4,
EN =4.0v 1,2 -55°C, +125°C - 1800 ohms
Positive Supply Current I(+) VEN = 4.0V 1,2,3 -55°C, +25°C, - 2 mA
+125°C
Negative Supply Current I(-) VEN = 4.0V 1,2,3 -55°C, +25°C, -1 - mA
+125°C"
Positive Standby Supply +(SBY) | VEN=0.8V 1,2,3 -55°C, - 2 mA
Current +25°C,+125°C
Negative Standby Supply -I(SBY) | VEN =0.8V 1,2,3 -55°C, +25°C, -1 - mA
Current +125°C
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- =15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V
. GROUP A LIMITS
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN MAX | UNITS
Break-Before-Make Time TD RL = 1000Q, CL = 50pF 9 +25°C 25 - ns
|
Delay 10, 11 -55°C, +125°C 5 - ns
Propogation Delay TOn(A) | RL =10KQ, CL = 50pF 9 +25°C - 600 ns
Times: Address Inputs to
1/O Channels TOf(A) 10, 11 -55°C,. +125°C - 1000 ns
Enable to /O TONn(EN) | RL = 1000Q, CL = 50pF 9 +25°C - 600 ns
TOfH(EN) 10, 11 -55°C, +125°C - 1000 ns
‘ TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Characterized at: V- = 15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V  Unless Otherwise Specified
LIMITS
PARAMETERS SYMBOL CONDITIONS NOTE ‘-TEMPERATURE | MIN MAX | UNITS
Capacitance Address CA VS+=VS-=0V, f= 1MHz 1 +25°C - 7 pF
Input
Capacitance Channel CS(Off) | VS+=VS-=0V, f=1MHz 1 +25°C - 7 pF
Input
Capacitance Channel CD(Off) | VS+=VS-=0V,f=1MHz 1 +25°C - 25 pF
Output
Off Isolation VISO VEN = 0.8V, f = 200KHz, 1,2 +25°C 45 - dB
CL =7pF, RL = 1KQ,
VS = 3.0VRMS
NOTES:

1. The parameters listed in this table are controlled via design or process parameters and not directly tested. These parameters are
characterized upon initial design changes which would affect these characteristics.

2. Worst case isolation occurs on channel 4 due to proximity of the output pins.




Specifications HS-508ARH/883S

TABLE 4. POST 100K RAD (si) ELECTRICAL SPECIFICATIONS
Tested, per MIL-STD 883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.5V, VAL= 0.5V

GROUP A LIMITS
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN MAX | UNITS
Input Leakage Current, I1AH Measure Inputs Sequen- 1 +25°C -1000 1000 nA
Address,or Enable Pins tially, Ground All Unused
IAL Pin:
S
Leakage CurrentIntothe | +IS(OFF) | VS =+10V, All Unused 1 +25°C -50 50 nA
Source Terminal of an Inputs and Output = -10V,
“OFF” Switch VEN = 0.8V
-IS(OFF) | VS =-10V, All Unused 1 +25°C -50 50 nA
Inputs and Output = +10V,
VEN =0.8V
Leakage Current Into the +ID(OFF) | VD =+10V, VEN = 0.8V. 1 +25°C -250 250 nA
Drain Terminal of an All Unused Inputs = -10V
“OFF” Switch
° witc -ID(OFF) | vD=-10V,VEN=0.8V.All 1 +25°C -250 250 nA
Unused Inputs = +10V
Leakage Current Into the +ID(OFF) | VS =+25V, Measure VD, 1 +25°C -2000 2000 nA
Drain Terminal of an Overvoltage | VEN = 0.8V, All Unused
“OFF" Switch With Inputs tied to GND
| Appli
Overvoltage Applied JID(OFF) | VS = -25V, Measure VD, 1 +25°C 2000 | 2000 | nA
Overvoltage | VEN = 0.8V, All Unused
Inputs tied to GND
Leakage Currentfroman +ID(On) VS =VD = +10V, 1 +25°C -250 250 nA
“ON” Driver into the VEN = 4.0V. All Unused
Switch (Drain & Source) Inputs = -10V
-ID(On) VS =VD =-10V, 1 +25°C -250 250 nA
VEN = 4.0V. All Unused
Inputs = +10V
Switch On Resistance +R(On) VS = +10V, 1 +25°C - 1500 Q
IOUT =-100pA,
VEN = 4.0V
-R(On) VS =-10V, IOUT = +100pA, 1 +25°C - 1500 Q
VEN = 4.0V
Positive Supply I(+) VEN = 4.0V 1 +25°C - 2 mA
Current
Negative Supply 1(-) VEN = 4.0V 1 +25°C -1 - mA
Current
Positive Standby +ISBY VEN = 0.8V 1 +25°C - 2 mA
Supply Current
Negative Standby -ISBY VEN = 0.8V 1 +25°C -1 - mA
Supply Current
Break-Before-Make TD RL = 1000Q, CL = 50pF 9 +25°C 5 - ns
Time Delay
Propogation Delay TOn(A) RL = 10KQ, CL = 50pF 9 +25°C - 3000 ns
Times: Address Inputs
to /O Channels TOff(A) 10, 11 -55°C, +125°C - 3000 ns
Enable to /O TOn(EN) | RL=1000Q, CL = 50pF 9 +25°C - 3000 ns
TOS(EN) 10, 11 -55°C, +125°C - 3000 ns

37
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Specifications HS-508ARH/883S

TABLE 5. DC POST BURN-IN DELTA ELECTRICAL SPECIFICATIONS
Guaranteed, per MIL-STD 883. Unless Otherwise Specified: V- =-15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V

GROUP A LIMITS
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN MAX | UNITS
Input Leakage Current, |AH Measure Inputs Sequen- 1 +25°C -100 100 nA
Address,or Enable Pins tially,Ground All Unused
IAL
Pins
Leakage Current into the +IS(OFF) | VS = +10V, All Unused 1 +25°C -20 20 nA
Source Terminal of an Inputs and Output = -10V,
“OFF” Switch VEN = 0.8V
-IS(OFF) | VS =-10V, All Unused 1 +25°C -20 20 nA
Inputs and Output = +10V,
VEN =0.8V
Leakage Current into the +ID(OFF) | VD = +10V, VEN = 0.8V, 1 +25°C -20 20 nA
Drain Terminal of an All Unused Inputs = -10V
OFF” Switch -ID(OFF) | VD =-10V, VEN = 0.8V. 1 +25°C 20 20 nA
All Unused Inputs = +10V
Leakage Current from +ID(On) | VS=VD =+10V, 1 +25°C -20 20 nA
an “ON” Driver into VEN =4.0V.
the Switch (Drain & Source) All Unused Inputs = -10V
-ID(On) |VS=VD=-10V, 1 +25°C -20 20 nA
VEN = 4.0V
All Unused Inputs = +10V
Switch On Resistance +R(On) | VS=4+10V, 1 +25°C -150 -150 Q
IOUT = -100pA,
VEN = 4.0V
-R(On) | VS=-10V,IOUT =+100pA, 1 +25°C -150 -150 Q
VEN = 4.0V
Positive Supply I(+) VEN = 4.0V 1 +25°C -200 200 HA
Current '
Negative Supply I(-) VEN = 4.0V 1 +25°C -100 100 HA
Current
Positive Standby +(SBY) | VEN =0.8V 1 +25°C -200 200 pA
Supply Current .
NegativeStandby -I(SBY) | VEN =0.8V 1 +25°C -100 100 pA
Supply Current
TABLE 6. APPLICABLE SUBGROUPS
CONFORMANCE GROUPS METHOD Q SUBGROUPS
Initial Test 100%/5004 1,4
Interim Test 100%/5004 1
PDA 100%/5004 1
Final Test 100%/5004 1,2,3,7,8A,88B,9, 10, 11
Group A Samples/5005 1,2,3,7,8A,88B,9, 10, 11
Group B B5 Samples/5005 1,2,3
Others Samples/5005 1,7
Group D Samples/5005 1,7
Group E, Subgroup 2 Samples/5005 1,7




HS-508ARH/883S

Switching Waveforms

VAH =4.0

) DRIVE (VA)
1/2VAH jl \\ VAL = 0.8V

+1ov

ACCESS TIME

ADDRESS

— OUTPUT A
: Xi -8V
: . -1ov

.
.

—>€ A ~—

'
200ns/DIV.
BREAK-BEFORE-MAKE DELAY (tOPEN)
VAH = 4.0 A2 45V _ I I I
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0.8V VA M| IN2THRUINT o VA INPUT
e -4 2V/DIV:
500 =
Ao IN8
- e~ vouT
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e == _L___ | svow. ]
tOPEN o
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HS-508ARH/883S

Burn-In Circuits

to A3 ~ [ L w5V
D.U.T. Aors hd TelA! F0.5V
assv g3 BN E.‘z_ 2 o Dn [
PN X 4 |——'_|GND +155V ::':‘\; —"_VE E;F‘
Dy =" w o= FOSV 7] A sy
1 4 13 —= INt v = Fosv
2 3] o=
N2 - E5yms |p2 c2 ~——-|:
5 12 N2 = ns | 2L L2
- IN3 E e IN6 L _'D |
INg [ N7 = - N3 167 e
—{7] 10 INg N7 =
ot 5 kel o
im 12 ouT & 5]IN8
=
DYNAMIC BURN-IN AND LIFE TEST CIRCUIT STATIC BURN-IN TEST CIRCUIT
NOTES: NOTES:
R1 = 10K ohms 5%, '/, or '/, watt (per socket) R1 = 10K ohms 5%, '/, or '/, watt (per socket)
C1 = C2 = 0.01pF minimum (per socket) or C1 = C2 = 0.01uF minimum (per socket) or
0.1puF minimum (per row) 0.1uF minimum (per row)
D1 = D2 = 1N4002 (or equivalent) D1 = D2 = 1N4002 (or equivalent)
f0 = 100KHz; f1 = 10/2; f2 = f0/4; £3 = f0/8; 50% Duty Cycle
VIL = 0.8V max; VIH = 4.0V min.
Irradiation Circuit
16 PIN DIP
B +15V
palre i N = R
NC o___'.___E 9 !

=

NOTE: All irradiation testing is performed in the 16 pin sidebrazed DIP package
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Schematic Diagrams

ADDRESS INPUT BUFFER AND LEVEL SHIFTER

D3
LA, RPN LEVEL SHIFTER L
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"l i LEVEL
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N ZR2 -—-.—>: ¢8Dnsss
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< ! SHIFTED <
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' TO o
ADD ! DECODE [+ l7))
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=
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e
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INH VWA
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Harris - Space Level Product Flow

SEM - Traceable to Diffusion Method 2018
Wafer Lot Acceptance Method 5007

Internal Visual Inspection (Note 1)

Gamma Radiation Assurance Tests Method 1019
100% Nondestructive Bond Pull Method 2023
Customer Pre-Cap Visual Inspection (Notes 1, 2)
Temperature Cycling Method 1010 Condition C
Constant Acceleration method 2001 Y1 30KG

Particle Impact Noise Detection method 2020,
Condition A 20G

Marking and Serialization
X-Ray Inspection Method 2012
Initial Electrical Tests (T0)

Static Burn-In 72 Hour, +125°C method 1015 Condition A

Room Temperature Electrical Tests (T1)
Burn-In Delta Calculation (TO-T1)

NOTES:

PDA Calculation 3% Functional
5% Subgroups 1,7, A

Dynamic Burn-In 240 Hours, +125°C Method 1015
Condition D

Electrical Tests Subgroups 1, 7, 9 (T2)
Burn-In Delta Calculation (TO - T2)

PDA Calculation 3% Functional
5% Subgroups 1,7, A

Electrical Test +125°C, -55°C
Alternate Group A Inspection Method 5005
Fine and Gross Leak Tests Method 1014

. Customer Source Inspection (Note 2)

Group B Inspection (Notes 2, 4) Method 5005
Group D Inspection (Notes 2, 4) Method 5005
External-Visual Inspection Method 2009

Data Package Generation (Note 3)

1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A.
2. These steps are optional, and should be listed on the purchase order if required.

3. Data package contains: Assembly Attributes (post seal)
Test Attributes (includes Group A) -55°C, +25°C, +125°C
Shippable Serial Number List
Radiation Testing Certificate of Conformance
Wafer Lot Acceptance Report (includes SEM report)
X-Ray Report and Film
Test Variables Data, DC Test and TELQV
+25°C Initial Test
+25°C Interim Test 1
+25°C Interim Test 2
+25°C Delta Over Bum-In

4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only.

3-12




HS-508ARH/883S

Metallization Topology

DIE DIMENSIONS:
83 x108 x 11 mils

METALLIZATION:
. Type: Aluminum
Thickness: 12.5kA +2kA

GLASSIVATION:

Type: SiO,

Thickness: 8kA +1 kA
DIE ATTACH:

Material: Gold Eutectic

Temperature: Side Braze DIP - 335°C (Max)
Flatpack - 460°C (Max)

WORST CASE CURRENT DENSITY:
6.68e04 Amps/cm?

PROCESS: CMOS-DI

Metallization Mask Layout

HS-508ARH/883S

IN3

IN4

IN7

IN6

EN

A0

Al

A2
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HS-1840RH/883S

Rad-Hard 16 Channel CMOS Analog

Multiplexer with High-Z Analog Input Protection

Features

¢ This Circuit is Processed In Accordance to
Mil-Std-883 and is Fully Conformant Under the
Provisions of Paragraph 1.2.1.

Radiation Environment
- Gamma Rate (1) 1 x 10® RAD(SI)/s
- Gamma Dose (y) 2 x 10° RAD(SI)

Low Power Consumption
* Fast Access Time 1000ns

High Analog Input Impedance 500MQ
During Power Loss (Open)

L]

Dielectrically Isolated Device Islands

Excellent In Hi-Rel Redundant Systems

Break-Before-Make Switching
No Latch-Up

Description

The HS-1840RH/883S is a radiation hardened,
monolithic 16 channel multiplexer constructed with the
Harris Linear Dielectric Isolation CMOS process. It is
designed to provide a high input impedance to the

analog signal voltage inadvertently exceeds the supply
rails during powered operation. Excellent for use in
redundant applications, since the secondary device
can be operated in a standby unpowered mode
affording no additional power drain. More significantly,
a very high impedance exists between the active and
inactive devices preventing any interaction. One of
sixteen channel selection is controlled by a 4-bit binary
address plus an Enable-Inhibit input which conve-
niently controls the ON/OFF operation of several
multiplexers in a system. All digital inputs have
electrostatic discharge protection.

The HS-1840RH/883S has been specifically designed
to meet exposure to radiation environments. It is
available in a 28 pin Ceramic Sidebraze dual-in-line
package and 28 pin Ceramic Flatpack. It is guaranteed
operational from -55°C to +125°C .

analog source if device power fails (open) or the |

Pinouts

HS1-1840RH/883S 28 PIN CERAMIC SIDEBRAZE DIP
CASE OUTLINE D-10,COMPLIANT TO MIL-M-38510 PACKAGE

TOP VIEW

+Vs [1] 28] out

NC [ 2] Vs

Ne [3] 26] IN8

IN 16 [4] IN7

IN15 24] IN6

IN14 |6} IN5

IN13 IN4

IN12 | 8] 21] IN3

IN11 [9] 20] IN 2

IN 10 {10} l19] IN1
IN 9 [11] ENABLE
GND ADDR A0
(+5VS) VREF [13] l16] ADDR A1
ADDR A3 [14] 15] ADDR A2

HS9-1840RH/883S 28 PIN CERAMIC SIDEBRAZE FLATPACK
CASE OUTLINE F-11A, COMPLIANT TO MIL-M-38510 PACKAGE

TOP VIEW
VS 1 28 === out
NC——= —/2 27 F=——=3a.ys
NC—= ——3 26 — ——IN8
IN16 —=— ——{ 4 25 f— =—— N7
INIS— ——5 24 f=— ——INs
IN1d —= —¢ 23 == =/ N5
INI3— —4 7 22 = —mns4
IN12——= —]3 21 = ——ms
INf11=— —/9 200 = —=a N2
IN10 =— —— 10 19 F— — N1
IN9 =—= =—=—] 11 18 f=— —= ENABLE
GND == = 12 17 == =—=1 ADDR A0
(+5VS) VREF == ——] 13 16 ——= —— ADDR A1
ADDR A3 C—— 14 15 =1 ADDR A2

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1992

File Number 3022
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HS-1840RH/883S

Functional Diagram
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Specifications HS-1840RH/883S

Absolute Maximum Ratings Reliability Information
Supply Voltage Between Pins 1and27 .................. +40V  ThermalResistance .................. ela eic'
+VSUPPLY tOGround .. .coovvvinininnerernnnnnnnnonns +20V Sidebraze Package ..............v.. 83.1°C/W  19.1°CW
SVSUPPLYtoGround. .......civviennnenunnnnnnnnnnnas -20V Flatpack Package .................. 49.1°CW  16.5°C/W
VREFIOGrOUNd. oo e ovvvennnueeeennneeennnnanes et +20V - Total Power Dissipation*:
Analog input Overvolitage: . Sidebraze DIP Package. .......oovvieveiinneennnns 1600mW
HV it ittt +25V (Power On/Off) Ceramic Flatpack Package ............ccoviiennn. 1400mwW
B N -25V.(Power On) ESD Classification. ........coivuiiieniiinnnnnn, Class 1
Digital Input Overvoltage: .
HFVEN,+VA L e VREF +4V  « For DIP Derate 20.4mW/°C above T, = +95°C
SVEN, VA L e i GND 4V For Flatpack Derate 18.5mW/°C above Ty, = +95°C
Storage Temperature Range .. ............... -65°C to +150°C .
Junction Temperature. ... ..ovvevernveereeeeeeannees +175°C
Lead Temperature (Soldering 108). ......cooveeneen. ... +275°
CAUTION: Stresses above those listed in “Absolute Ma.x:mum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above !hose dicated in the | sections of this specification is not implied.
Operating Conditions : . .
Operating Supply Voltage (tVSUPPLY)........ovvvenvennnn +15V - LogicLowlevel (VAL).....ooviiiiininniiiniiinnnnnns +0.8V
Operating Temperature Range. ............... -55°C to +125°C  Logic High Level (VAH) .............................. +4.0V
VREF(PIN13) ..cviviiiniiniiiinnns, e, +5V

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V

GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE { MIN | MAX | UNITS
Analog Signal Range - VS - - - 7,8A,8B -55°C, +25°C, 5 +15 v
+125°C
Input Leakage 1AH Measure Inputs Sequentially - 1,2,3 - -55°C, +25°C, | -1000 | 1000 nA
Curront, Addross, or IAL Ground All Unused Pins . | +125°C
Enable Pins VAL = 0.8V, VAH = 4. oV :
Leakage Current Into +IS(OFF) | VS = +10V, All Unused Inputs 1 - +25°C -10 10 nA
the Source Terminal of and O t=-10V, VEN = 4V
an “Off Switch utpu 2,3 +125°C,-55°C | -100 | 100 | nA
-IS(OFF) | VS =-10V, All Unused Inputs, 1 T +25°%C -10 | 10 nA
Output = +10V, VEN = 4V - - -
ulput = +10 _ 2,3 +125°C, -55°C | -100 | 100 | nA
Leakage Current into +IS(OFF) | V+,V-,VREF, A0,A1,A2,A3,A4, | . 1 +25°C -50 50 nA
the Source Terminal of | Power Off | EN=GND, Unused Inputs Tied to
an "Off Switch With GND, VS = 425V 2,3 +125°C,-65°C | -100 | 100 | nA
Power “Off* o ' ’
Leakage Current Into +IS(OFF) VS =+25V,VD=0V,VEN=4V | = 1,2,3 -55°C, +25°C, -1000 | 1000 nA
the Source Terminal of | Overvoltage | All Unused Inputs Tied to GND - +125°C
an “Off" Switch With - - - -
Overvoltage Applied -IS(OFF) | VS=-25V,VD=0V,VEN=4VAlIl 1,2,3 -55°C, +25°C, -1000 | 1000 nA
Overvoltage | Unused Inputs Tied to GND +125°C
Leakage Currentinto | +ID(OFF) | VD=+10V, VEN =4V All Unused 1 | 425°C 10 | 10 nA
the Drain Terminal of Inputs = -10V y
an “Off" Switch 2, 3 +125°C, -55°C -100 100 nA
-ID(OFF) | VD =-10V, VEN =4V All Unused 1 - +25°C -10 10 nA
Inputs = +10V : :
puts =+ 2.3 +125°C,-55°C | -100 | 100 | nA
Leakage Current Into +ID(OFF) | VS = +25V, Measure VD, 1,2,3 -55°C, +25°C, | -1000 | 1000 nA
the Drain Terminal of Overvoltage ‘| VEN = 4V, All Unused Inputs to ' +125°C
an “Off” Switch With GND
Overvoltage Applied ' - .
-ID(OFF) | VS =-25V, Measure VD, 1,2,3 -55°C, +25°C, | -1000 | 1000 nA
Overvoltage | All Unused Inputs to GND +125°C
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Specifications HS-1840RH/883S

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- =-15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V

GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS
Leakage Current from +ID(ON) VS = +10V, VD = +10V, VEN = 1 +25°C -10 10 nA
an “On” Driver into the 0.8V All unused inputs = -10V ’
Switch (Drain & Sourca) 2,3 +125°C, -55°C | -100 | 100 nA
-ID(ON) VS =-10V, VD = -10V, VEN = 1 +25°C -10 10 nA
0.8V, All Unused Inputs = +10V 2.3 125°C, 55°C 100 100 oA
Switch On Resistance | +15V R(ON) | VS = +15V, ID = -1mA, 1,2,3 -55°C, +25°C, 50 1000 Q
VEN = 0.8V +125°C
-5V R(ON) | VS=-5V,ID=+1mA, VEN = 0.8V 1,2,3 -55°C, +25°C, 50 | 4000 Q
+125°C
+5V R(ON) | VS=+5V, ID=-1mA, VEN=0.8V 1,2,3 -55°C, +25°C, 50 2500 Q
+125°C
Positive Supply 1(+) VEN = 0.8V 1,2,3 -55°C, +25°C, - 0.5 mA
Current +125°C
Negative Supply 1(-) VEN = 0.8V 1,2,3 -55°C, +25°C, -0.5 - mA
Current +125°C
Positive Standby +ISBY VEN = 4.0V 1,2,3 -55°C, +25°C, - 0.5 mA
Supply Current +125°C
Negative Standby -1SBY VEN = 4.0V 1,2,3 -55°C, +25°C, -0.5 - mA
Supply Current +125°C
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V
GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS
Break-Before-Make TD RL = 1000Q, CL = 50pF 9 +25°C 25 - ns
Time Del
ime betay 10, 11 +25°C, 55°C | 5 | - ns
Propagation Delay TON(A), | RL=10KQ,CL =50pF 9 +25°C - 600 ns
Times: Address Inputs TOFF(A)
to /O Channels 10, 11 +125°C, -55°C - 1000 ns
Enable to I/O TON(EN), | RL=1000Q, CL = 50pF 9 +25°C - 600 ns
TOFF(EN) 10, 11 +125°C, -55°C - 1000 ns
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Characterized At: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V, Unless Otherwise Specified
LIMITS
PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE | MIN | MAX | UNITS
Capacitance Address CA +VS =-VS =0V, f= IMHz 1 +25°C - 7 pF -
Input
Capacitance Channel CS(OFF) | +VS=-VS=0V, f=1MHz 1 +25°C - 5 pF
Input
Capacitance Channel CD(OFF) | +VS=-VS=0V,f=1MHz 1 +25°C - 50 pF
Output TOFF(EN)
Off Isolation VISO VEN =4.0V, f=200kHz, CL = 7pF, 1 +25°C 45 - dB
RL = 1kQ, VS = 3.0VRMS

NOTE: 1. The parameters listed in Table 3 are controlled via design or process parameters and not directly tested. These parameters are
characterized upon initial design and after major process and/or design changes.
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Specifications HS-1840RH/883S

Tested, per Mil-Std-883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.5V, VAL = 0.5V

TABLE 4. POST 200K RAD(Si) ELECTRICAL CHARACTERISTICS

GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS
Input Leakage Current, I1AH Measure Inputs Sequentially, 1 +25°C -1000 | 1000 nA
Address, or Enable Pins IAL Ground All Unused Pins
Leakage Current Into +IS(OFF) | VS = +10V, All Unused Inputs & 1 +25°C -100 | 100 nA
the Source Terminal of Output = -10V, VEN = 4.5V
an “Off" Switch JIS(OFF) | VS =-10V, All Unused Inputs & 1 +25°C 100 | 100 | nA
Output = +10V, VEN = 4.5V
Leakage Current into +IS(OFF) | V+, V-, VREF, A0, A1,A2, A3, A4, 1 +25°C -100 100 nA
the Source Terminal of | Power Off | EN=GND, Unused Inputs Tied to
an “Off” Switch With GND, VS = +25V
Power “Off"
Leakage Current Into +IS(OFF) | VS = +25V, VD=0V, VEN=4.5V 1 +25°C -1500 | 1500 nA
the Source Terminal of | Overvoltage | All Unused Inputs Tied to GND
%"ve?v’i]ti;”é‘i';mi'; -IS(OFF) | VS = -25V, VD=0V, VEN=4.5V 1 +25°C 1500 | 1500 | nA
Overvoltage | All Unused Inputs Tied to GND
Leakage Current Into +ID(OFF) | VD =+10V, VEN = 4.5V 1 +25°C -100 100 nA
the Drain Terminal of All Unused Inputs = -10V
“Of Swi
an "OIF Switch -ID(OFF) | VD =-10V, VEN = 4.5V 1 +25°C -100 [ 100 [ nA
All Unused Inputs = +10V
Leakage Current Into +ID(OFF) | VS = +25V, Measure VD, 1 +25°C -1000 | 1000 nA
the Drain Terminal of Overvoltage | VEN = 4.5V
an “Off” Switch With All Unused Inputs to GND
Itage Appli
Overvoltage Applied ID(OFF) | VS = -25V, Measure VD, 1 +25°C 1000 | 1000 | nA
Overvoltage | VEN = 4.5V
All Unused Inputs to GND
Leakage Current from +D(ON) VS=+10V, VD = +10V, 1 +25°C -100 100 nA
an “On” Driver into the VEN = 0.5V
Switch (Drain & Source) All Unused Inputs = -10V
-ID(ON) VS =-10V, VD =-10V, 1 +25°C -100 | 100 nA
VEN = 0.5V
All Unused Inputs = +10V
Switch On Resistance | +15V R(ON) | VS =+15V, ID =-1mA, VEN = 0.5V 1 +25°C 50 1000 Q
-5V R(ON) |VS=-5V,ID=+1mA, VEN =0.5V 1 +25°C 50 | 4000 Q
+5V R(ON) | VS=+5V,ID=-1mA, VEN =0.5V 1 +25°C 50 | 2500 Q
Positive Supply I(+) VEN = 0.5V 1 +25°C - 0.50 mA
Current
Negative Supply 1(-) VEN = 0.5V 1 +25°C -0.50 - mA
Current
Positive Standby +(SBY) | VEN=4.5V 1 +25°C - 0.50 mA
Supply Current
Negative Standby -I(SBY) VEN = 4.5V 1 +25°C -0.50 - mA
Supply Current
Make-Before-Break TD RL = 1000Q, CL = 50pf 9 +25°C 5 - ns
Time Delay
Propagation Delay TON (A) | RL =10KQ, CL = 50pf 9 +25°C - 3000 ns
Times: Adress Inputs TOFF (A)
to I/O Channels
Enable to /O TON (EN) | RL =1000Q, CL = 50pf 9 +25°C - 3000 ns
TOFF (EN) .
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Specifications HS-1840RH/883S

TABLE 5. DC POST BURN-IN DELTA ELECTRICAL CHARACTERISTICS
Guaranteed, per Mil-Std-883, Method 1019. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V

GROUP A LIMITS
PARAMETER -SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS
Input Leakage Current, 1AH Measure Inputs Sequentially, 1 +25°C -100 | 100 nA
Address, or Enable 1AL Ground All Unused Pins
Pins
Leakage Current Into +IS(OFF) | VS =+10V, All Unused Inputs & 1 +25°C -20 20 nA
the Source Terminal of Output = -10V, VEN = 4.0V
an “Off” Switch JIS(OFF) | VS =-10V, All Unused Inputs & 1 +25°C 20 | 20 | na
Output = +10V, VEN = 4.0V
Leakage Current Into +ID(OFF) | VD =+10V, VEN = 4.0V 1 +25°C -20 20 nA
the Drain Terminal of All Unused Inputs = -10V
an “Off” Switch JID(OFF) | VD =-10V, VEN = 4.0V 1 125°C 20 | 20 | nA
Al Unused Inputs = +10V
Leakage Current from +ID(ON) | VS =+10V, VD = +10V, 1 +25°C -20 20 nA
an “On” Driver into the VEN = 0.8V ]
Switch (Drain & Source) All Unused Inputs = -10V o3
-ID(ON) [ VS =-10V, VD =-10V, 1 +25°C 20 | 20 nA 12
VEN = 0.8V g I:.E
All Unused Inputs = +10V wo
-
Switch On Resistance | +15V R(ON) | VS = +15V, ID = -1mA, 1 +25°C -150 150 Q o ‘é
VEN = 0.8V .:l o
-5VR(ON) |VS=-5V,ID=+1mA, 1 +25°C -250 | 250 Q 2
VEN = 0.8V
Positive Supply I(+) VEN = 0.8V 1 +25°C -50 50 HA
Current
Negative Supply I(-) VEN = 0.8V 1 +25°C -50 50 HA
Current
Positive Standby +ISBY VEN = 4.0V 1 +25°C -50 50 pA
Supply Current
Negative Standby 4SBY VEN=4.0V 1 +25°C 50 | 50 pA
Supply Current

TABLE 6. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD Q SUBGROUPS
Initial Test 100%/5004 1
Interim Test 100%/5004 1
PDA 100%/5004 1
Final Test 100%/5004 1,2,3,7,8A,88B,9, 10, 11
Group A Samples/5005 1,2,3,7,8A,8B,9, 10, 11
Group B BS Samples/5005 1,2,3
Others Samples/5005 1,7
Group D Samples/5005 1,7
Group E, Subgroup 2 Samples/5005 1,7
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Performance Characteristics and Test Circuits
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1840RH/883S

Burn-In/Life Test Circuits

R
g . 1y
L l =z 27] VS 2 r
3R EE“ 3 3R
L 25
- 2. = - _{ =
- 2311
7 2| i
- 2114
8 20) —
»
—
il iB =F5'
GND 12 7 {F] GHo [
13 i [z] =
I3, i 15 [F] Y, w11l

DYNAMIC BURN-IN AND LIFE TEST CIRCUIT

NOTES:

VS+=+15.5V £ 0.5V, VS- = -15.5V £ 0.5V

R=1kQ +5%

C1=C2=0.01pF + 10%, 1 each per socket, minimum
D1 = D2 = 1N4002, 1 each per board, minimum

STATIC BURN-IN TEST CIRCUIT

NOTES:

R =1kQ £ 5%, /W
C1 =C2 = 0.01pF minimum, 1 each per socket, minimum
VS+=15.5V £ 0.5V, VS- =-15.5V £ 0.5V, VR = 15.5 + 0.5V

Input Signals: square wave, 50% duty cycle, OV to 15V peak + 10%

F1 = 100kHz; F2 = F1/2; F3 = F1/4; F4 = F1/8; F5 = F1/16

NOTES:
1. The Above Test Circuits are Utilized for All Package Types
2. The Dynamic Test Circuit is Utilized for All Life Testing

Irradiation Circuit

+15V
NC
NC
+1V 04

|||--|

+5V ©

28 PIN DIP

NOTE: All irradiation testing is performed in the 28 pin DIP package
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Schematic Diagrams

ADDRESS INPUT BUFFER AND LEVEL SHIFTER

’
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f D2k ! 1 [ » ADDRESS
' ' N N N N N TO
Ao Wi _{ N __I DECODE
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Harris - Space Level Product Flow

SEM - Traceable to Diffusion Method 2018
Wafer Lot Acceptance Method 5007

Internal Visual Inspection (Note 1)

Gamma Radiation Assurance Tests Method 1019
100% Nondestructive Bond Pull Method 2023
Customer Pre-Cap Visual Inspection (Notes 1, 2)
Temperature Cycling Method 1010 Condition C
Constant Acceleration method 2001 Y1 30KG

Particle Impact Noise Detection method 2020,
Condition A 20G

Marking and Serialization

X-Ray Inspection Method 2012

Initial Electrical Tests (T0)

Static Burn-In 72 Hour, +125°C method 1015 Condition A
Room Temperature Electrical Tests (T1)

Burn-In Delta Calculation (TO-T1)

NOTES:

PDA Calculation 3% Functional
5% Subgroups 1,7, A

Dynamic Burn-In 240 Hours, +125°C Method 1015
Condition D

Electrical Tests Subgroups 1, 7, 9 (T2)
Burn-In Delta Calculation (TO - T2)

PDA Calculation 3% Functional
5% Subgroups 1,7, A

Electrical Test +125°C, -55°C

Alternate Group A Inspection Method 5005
Fine and Gross Leak Tests Method 1014
Customer Source Inspection (Note 2)

Group B Inspection (Notes 2, 4) Method 5005
Group D Inspection (Notes 2, 4) Method 5005
External Visual Inspection Method 2009

Data Package Generation (Note 3)

1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A.
2. These steps are optional, and should be listed on the purchase order if required.

3. Data package contains: Assembly Attributes (post seal)

Test Attributes (includes Group A) -565°C, +25°C, +125°C

Shippable Serial Number List

Radiation Testing Certificate of Conformance
Wafer Lot Acceptance Report (includes SEM report)

X-Ray Report and Film

Test Variables Data, DC Test and TELQV

+25°C Initial Test

+25°C Interim Test 1
+25°C Interim Test 2
+25°C Delta Over Bumn-in

4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only.
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HS-1840RH/883S

Metallization Topology

DIE DIMENSIONS:
110 x 159 x 11mils

METALLIZATION:
Type: Al :
Thickness: 12.5kA + 2kA

GLASSIVATION:
Type: SiO,
Thickness: 8kA + 1kA

DIE ATTACH:
Material: Gold Eutectic
Temperature: Sidebrazed Ceramic DIP - 460°C (Max)
Flatpack - 460°C (Max)

WORST CASE CURRENT DENSITY: 1.90004A/cm?
LEAD TEMPERATURE (10 Seconds Soldering): <275°C
PROCESS: CMOS-DI
Metallization Mask Layout
HS-1840RH/883S

N7
IN6
IN5
IN4

outT

+V

IN16

w < ] L)
= = - R
z z z z

IN3
N2

IN11
IN10

N1

IN9

ENABLE

A0

Al

GND
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%HARRIS

SEMICONDUCTOR

December 1992

HS-302RH/883S, HS-303RH/883S
HS-306RH/883S, HS-307RH/883S
HS-384RH/883S, HS-390RH/883S

Radiation Hardened
CMOS Analog Switches

Features

¢ This Circult is Processed in Accordance to Mil-Std- The HS-3XXRH/883S family of analog switches are monolithic
883 and is Fully Conformant Under the Provisions devices fabricated using Radiation Hardened CMOS technol-

of Paragraph 1.2.1.
Radiation Hardened
- Functional Total Dose Exceeds 1 x 10° RAD Si

Pin for Pin Compatible with Harris HI-3XX Series
Analog Switches

Analog Signal Range 15V

Low Leakage

Low RON

No Latch Up

Versions for 5V and 15V Digital Systems
Low Operating Power

Military Temperature Range -55°C to +125°C

Applications

Sample and Hold I.e. Low Leakage Switching
Op Amp Gain Switching i.e. Low ON Resistance
Switched Capacitor Filters

Low Level Switching Circuits

Satellites

Nuclear Reactor Controls

Military Environments

Description

ogy and the Harris dielectric isolation process for latch-up free
operation. Improved total dose hardness is obtained by layout
(thin oxide tabs extending to a channel stop) and processing
(hardened gate oxide). These switches offer low-resistance
switching performance for analog voltages up to the supply
rails. “ON” resistance is low and stays reasonably constant over
the full range of operating voltage and current. “ON"” resistance
also stays reasonably constant when exposed to radiation,
being typically 30Q pre-rad and 35Q post 100K RAD-Si. All
devices provide break-before-make switching.

The 6 devices in this switch series are differentiated by type of
switch action, pinout and digital logic levels. The HS-302/303/
384/390RH/883S switches have 5V digital inputs while the HS-
306/307RH/883S switches have 15V digital inputs. All devices
are available in ceramic DIP packages. The HS-3XXRH/883S
switches can directly replace the HI-3XX series devices.

Functional Diagram

.
>

Pinouts (Switch States are for Logic “1” Inputs) TOP VIEWS

DUAL DPST DUAL SPDT
HS-302RH/883S HS-303RH/883S DUAL DPST DUAL SPDT
HS-306RH/883S HS-307RH/883S HS-384RH/883S HS-390RH/883S
\J 7 S J
ne [0 4 v+ ne [0 1 v+ o1 [i] g s1 o1 [1] g st

—‘-r‘_
s3 2] ERD s3 [2] EED ne [2] T ERY nelz] | 5] IN1
DaEnL—r‘_—@m D@E:\—"EEN NE-:D {E v- D3E$ {EV-
o1 @ i1 D2 o1 [3 i1 p2 <= -
s e teliee SETART AR
1 1

s3 [4] 3 GND s3 [3]

EET)

1]
1
w B <HE e m B> <Hal e ne [ d IN2 ne [7] [id in2
ano [7] 8] v- anp [T (8] v o2 [E] 9] s2 p2 8 9] s2
LOGIC SWITCH1-4 Swi Sw3 LOGIC SWITCH1-4 Swi sSw3
0 OFF LOGIC sw2 Sw4 ) OFF LOGIC sSw2 Sw4
1 ON 0 OFF ON 1 oN 0 OFF ON
1 ON OFF 1 ON OFF
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3067

Copyright © Harris Corporation 1992
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HS-3XXRH/883S

Pinouts (Switch States are for Logic “1” Inputs) TOP VIEWS (Continued)

DUAL DPST DUAL SPDT
HS-302RH/883S HS-303RH/883S
HS-306RH/883S HS-307RH/883S
NC ; ! %: v+ NC l:—__“f :;;-—_——1 v+
$3 ———— —————s4 XY —  —
D3 l_.—_———_:—q-”qﬂ—:_—:.:__—lm D3 l:::i——o\r”oro-—::—_lm
D1 E:—vpl' D2 D1 :b—.—p" Iq.o—' —————D2
s1 5 | 10 s2 s1 S 4G 10 s2
———— + ——— | e— L —————
6 ! [) . 6 . 9
| e— ————— | m——— ——————
IN1 - —>- 4- - IN2 IN1 = —D- -4- - IN2
GND ———————— | e— GND ——— ————v-

LOGIC SWITCH 1-4 SWi | sws
5 OFF LOGIC | sw2 | sw4
. oN 0 OFF ON
1 ON OFF
DUAL DPST DUAL SPDT -
HS-384RH/883S HS-390RH/883S
D1 ; e ;_ﬁ s1 D1 |—_—:_—'_“—; = ‘"';l st1-
Ne —— H - 3 IN1 Ne —— H —— ™
L= ] V- =——- ;3:::: v-
' 13 ]
== J_ = 1 GND = _ ————1 GND

—————— N2
9

1" ——————1 NC
; {1: V+
10
]
]

:1 NC
:I V+
.—_.—1 IN2

———1 82 :—152

LOGIC SWITCH1-4 Swi1 Sw3
0 OFF LOGIC sw2 Sw4

] ON 0 OFF ON

1 ON OFF
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Specifications HS-3XXRH/883S

Absolute Maximum Ratings

Supply Voltage Between V+and V- ... .oovvvnvvnnnnnn. +44V
+VSUPPLY toGround .....oovviiiiiinninnieeennens +22V
SVSUPPLY to Ground . .« o ove v vnieivienneeennnnannenn -22V
Analog Input Overvoltages:

B T +VSUPPLY +1.5V

B PR -VSUPPLY - 1.5V
Digital Input Overvoltage:

VA e i e +VSUPPLY +4V

L/ -VSUPPLY 4V
Peak Current, S or D Pulsed at 1ms, 10% Duty Cycle Max. . .40mA
Continuous Current . .....ovteeiiiineieennennnnnen 10mA
Storage Temperature Range ............ccoun. -65°C to +150°C
Junction Temperature. ............ e ... +175°C
Lead Temperature (soldering 10S) .........c.ovvvuennn < +300°C

Reliability Information

Thermal Resistance eg, 6;c
85.5°C/W 24.3‘gCNV

14LeadDIP.....ccvviiiiiniinnnnen

14 Lead Flatpack. ....ooovvveennnnnn 85.0°CW 11.5°C/W

16LeadDIP......covviiviieiannnns 85.5°C/W 24.3°C/W

16 Lead FlatpacK. ........ovveneennn 85.0°C/W  11.5°CW
TransiStor CoUNt ..o vt iiiiiiiiieiineneiaaanenennennn 80
Total Power Dissipation:

I 2 T 588mW

T 11 T 685mW
ESD Classification. . . oo evevviiiiiiiiiiiiiiiienennn Class 1

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the op of this specification is not implied.
Operating Conditions
Operating Supply Voltage (£ VSupply)......covevvnenanen. +15V  Operating Temperature Range . ............... -55°C to +125°C

TABLE 1. HS-302RH/303RH/384RH/390RH/883S DC ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Guaranteed and 100% Tested. Unless Otherwise Specified: V-

-15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V

GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS

“Switch On” Resistance +RDS VD =10V, IS =-10mA, 1 +25°C - 50 Q
S1/52/83/54 2,3 -55°C to +125°C - 75 Q
-RDS VD =-10V, IS = 10mA, 1 +25°C - 50 Q
St/s2/sys4 ] 2,3 -55°C to +125°C - 75 Q

Leakage Current Into the +IS(OFF) | VS = +14V, VD =-14V, 1 +25°C 2 2 nA "~

Source Terminal of an S1/52/S3/s4

“Off* Switch . 2,3 -55°C to +125°C | -100 100 nA
-IS(OFF) | VS =-14V, VD = +14V, 1 +25°C 2 2 nA

S1/52/53/84 2,3 -55°C to +125°C | -100 100 nA

Leakage Current into the +ID(OFF) | VS =-14V, VD = +14V, 1 +25°C -2 2 nA

Drain Terminal of an “Off" 4

Switen e eran SUSZSYS 2,3 55°C 10 +125°C | -100 | 100 | nA
-ID(OFF) | VS =+14V,VD =-14V," 1 +25°C -2 2 nA

‘ Ss2/sys4 2,3 55°C to +125°C | -100 | 100 | nA

Leakage Current from an +ID(ON) | VS =VD = +14V, S1/52/S3/S4 1 +25°C 2 2 nA

“On” Driver Into the Switch

(Drain & Source) 2,3 -55°C to +125°C | -100 | 100 nA
-ID(ON) | VS =VD =-14V, S1/S2/S3/S4 1 +25°C -2 2 nA

‘ ’ 2,3 -55°C to +125°C | -100 | 100 nA

Low Level Input Address IAL All Channels VA = 0.8V 1 +25°C -1 1 pA

Current
) 2,3 -55°C to +125°C -1 1 HA
High Level Input Address |  1AH All Channels VA = 4.0V 1 +25°C -1 1 pA
Current

2,3 -55°C to +125°C -1 1 HA

Positive Supply Current I(+) All Channels VA = 0.8V 1 +25°C - 10 | pA
2,3 -55°C to +125°C - 100 pA

VA1 =0V, VA2 = 4.0V and 1 +25°C - 0.5 mA

VA1 =4.0V, VA2 = OV
] 2,3 -55°C to +125°C - 1 mA

327

MULTIPLEXERS &
SWITCHES




Specifications HS-3XXRH/883S

TABLE 1. HS-302RH/303RH/384RH/390RH/883S DC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V (Continued)

GROUP A LIMITS
- PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS

Negative Supply Current I(-) All Channels VA = 0.8V 1 +25°C -10 - HA
' 2,3 55°C10+125°C | 100 | - | pA

VA1 =0V, VA2 = 4.0V and 1 +25°C -10 - HA

VA1 = 4.0, VA2 = OV 2,3 -55°C to +125°C | -100 | - PA

TABLE 1. HS-306 RH/307RH/883S DC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V-= -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V
GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS

“Switch On” Resistance +RDS VD =10V, IS =-10mA, 1 +25°C - 50 Q
_ Sus2SIS4 2,3 -55°C to +125°C |. - 75 Q

+RDS VD =-10V, IS = 10mA, 1 +25°C - 50 Q

Sts2syS4 2,3 -55°C to +125°C - 75 Q

Leakage Cun:ent Into the +IS(OFF) | VS = +14V, VD =-14V, 1 +25°C 2 .2 nA
“ngurr csew':'tilr"mmal ofan SUs2S3/s4 2,3 -55°C to +125°C | -100 100 nA
-IS(OFF) VS =-14V, VD = +14V, 1 +25°C -2 2 nA

S1/s283/s4 2,3 -55°C to +125°C | -100 100 nA

Lea_kage Current into the +ID(OFF) | VS =-14V, VD = +14V, 1 +25°C -2 2 nA
g;z;gt;rerminal of an “Off” S1/S2/S3/S4 2.3 55°C 1o +125°C | -100 100 A
-ID(OFF) | VS =+14V, VD =-14V, 1 +25°C 2 2 nA

S1s2/s3Is4 2,3 -55°C to +125°C | -100 100 nA

Leakage Current from an +ID(ON) | VS = VD = +14V, §1/52/S3/S4 1 +25°C -2 2 nA
oreim and Sooremy " 2,3 55°C 10 +125°C | -100 | 100 | nA
-ID(ON) | VS =VD =-14V, S1/52/S3/S4 1 +25°C 2 2 nA

2,3 -55°C to +125°C | -100 100 nA

Low Level Input Address IAL All Channels VA = 3.5V 1 +25°C -1 1 HA
Current 1,2 -55°C to +125°C -1 1 HA
High Level Input Address IAH All Channels VA = 11V 1 +25°C -1 1 HA
Current 1,2 55Cto+125°C | 1 | 1 | pA
Positive Supply Current I(+) All Channels VA = 0V 1 +25°C - 10 HA
2,3 -55°C to +125°C - 100 pA

All. Channels VA = 15V 1 +25°C - 10 pA

2,3 -55°C to +125°C - 100 pA
Negative Supply Current I(-) Ali Channels VA = 0V 1 +25°C -10 - HA
2,3 -55°C to +125°C | -100 - pA
All Channels VA = 15V 1 +25°C -10 - HA
2,3 -55°C to +125°C | -100 - HA
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Specifications HS-3XXRH/883S

TABLE 2. HS-302RH/303RH/384RH/390RH/883S AC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0V

GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS
Break-Before-Make Time TOPEN | RL =300Q, CL = 33pF, 9 +25°C 30 150 ns
g:(l)?}f%sn'li?sm' & VS =43V, VAH = 5V 10, 11 -55°C to +125°C - 300 ns
Switch Turn “On” Time TON RL = 300Q, CL = 33pF, 9 +25°C - 300 ns
VS =43V 10, 11 B5Clo+125C | - | 500 | ns
Switch Turn “Off” Time TOFF RL = 300Q, CL = 33pF, 9 +25°C - 250 ns
V8=V 10, 11 55°C10+125°C | - | 450 | ns
TABLE 2. HS-306RH/307RH/883S A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +15.0V, VAL = 0V
GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS
Break-Before-Make Time TOPEN | RL = 300Q, CL = 33pF, 9 +25°C 30 150 ns
Delay (HS-307RH Only) VS = +3V 10, 11 55°C 10 +125°C - 300 =
Switch Turn “On” Time TON AL = 300Q, CL = 33pF, 9 +25°C - 300 ns
VS =43V 10,11 | 55°Cto+125°C | - | 500 | ns
Switch Turn “Off" Time TOFF RL = 300Q, CL = 33pF, 9 +25°C - 250 ns
VS =3V 10, 11 55°C10+125°C | - | 450 | ns

TABLE 3. HS-302RH/303RH/306 RH/307RH/384RH/390RH/883S ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1)

Unless Otherwise Specified: HS-302RH/303RH/384RH/390RH/883S V- = -15V, V+ = +15V, VAH = +4.0V, VAL = OV
HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +15.0V, VAL = OV

LIMITS
PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE MIN MAX | UNITS

Switch Input Capacitance | CIS(OFF) | Measured Source to GND 1 +25°C - 28 pF
Driver Input Capacitance CC1 VA=0V 1 +25°C - 10 pF

Ccc2 VA =15V 1 +25°C - 10 pF
Switch Output COS Measured Drain to GND 1 +25°C - 28 pF
Off Isolation VISO VGEN = 1Vp-p, f = IMHz 1 +25°C - 40 - dB
Crosstalk VCR VGEN = 1Vp-p, f = IMHz 1 +25°C 40 - dB
Charge Transfer VCTE | VS=GND,CL=0.01pF 1 +25°C - 15 mv

NOTE: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These
parameters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by char-
acterization based upon data from multiple production runs which reflect lot to lot and within lot variation.
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Specifications HS-3XXRH/883S

TABLE 4. HS-302RH/303RH/384RH/330RH/883S DC POST 100K RAD (Si) ELECTRICAL CHARACTERISTICS
Tested Per Mil-Std-883. Unless Otherwise Specified: HS-302RH/303RH/384RH/390RH/883S V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V
HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V

LIMITS
PARAMETER SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS
“Switch On” Resistance +RDS VD = 10V, IS =-10mA, S1/52/S3/S4 +25°C - 60 Q
-RDS | VD =-10V, IS = 10mA, S1/S2/53/S4 +25°C - 60 Q
Leakage Current Into the Source +S(OFF) | VS = +14V, VD = -14V, S1/S2/S3/S4 +25°C -100 | 100 nA
Terminal of an "Off” Switch -IS(OFF) | VS =14V, VD = +14V, S1/52/S3/S4 +25°C 100 | 100 | na
Leakage Current into the Drain +ID(OFF) | VS = -14V, VD = +14V, S1/52/S3/S4 +25°C -100 | 100" nA
Terminal of an “Off” Switch _ID(OFF) | VS = +14V, VD = -14V, S1/S2/S3/S4 - +25°C 100 | 100 | nA
Leakage Current from an “On” -ID(ON) | VS =VD = +14V, S1/52/S3/S4 +25°C -100 | 100 nA
ggl‘ffg;)"m the Switch (Drain & -ID(ON) | VS =VD =-14V, S1/52/S3/54 +25°C 100 | 100 | na
Positive Supply Current I(+) ] All Channels VA = 0.8V +25°C - 100 pA
VA1 =0V, VA2 = 4.0V and +25°C - 1 mA
VA1 =4.0V, VA2 = OV
Negative Supply Current i) All Channels VA = 0.8V +25°C -100 - PA
' VA1 =0V, VA2 = 4.0V and +25°C 4100 | - pA
VA1 =4.0V, VA2 = OV .
High Level Address Current IAH All Channels High +25°C -1 +1 HA
Low Level Address Current IAL All Channels Low ) +25°C -1 +1 pA
Break-Before-Make Time Delay TOPEN | RL = 3009, CL = 33pf, VS = +3V +25°C 2 300 ns
(HS-303RH/883S and HS330RH/883S (Note 1)
Only) )
Switch Turn-On Time TON RL =300, CL = 33pf, VS = +3V (Note 1) +25°C - 500 ns
Switch Turn-Off Time TOFF RL =300, CL = 33pf, VS = +3V (Note 1) +25°C - 450 ns
NOTE: 1. VAL =0V; VAH = 4.0V
TABLE 4. HS-306/307RH/883S DC POST 100K RAD (Si) ELECTRICAL CHARACTERISTICS
Tested Per Mil-Std-883. Unless Otherwise Specified: HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +11.0V, VA_L =3.5V
' LIMITS
PARAMETER éYMBOL CONDITIONS TEMPERATURE | MIN | MAX UNITSi
“Switch On” Resistance +RDS VD =10V, IS =-10mA, S1/S2/S3/S4 +25°C - 60 Q
-RDS VD =-10V, IS = 10mA, S1/S2/S3/S4 . +25°C - 60 Q
Leakgge Current Into the Source +IS(OFF) | VS = +14V, VD = -14V, S1/82/S3/S4 +25°C -100 | 100 nA
Terminal of an “Off” Switch JIS(OFF) | VS =-14V, VD = +14V, S1/S2/S3/S4 +25°C 100 | 100 | na
Leakage Current into the Drain +ID(OFF) | VS =-14V, VD = +14V, S1/S2/S3/S4 +25°C -100 | 100 nA
Terminal of an "Off” Switch - - -ID(OFF) | VS = +14V, VD = -14V, S1/52/53/54 +25°C 100 | 100 | nA
Lgakage Current f'rom an “On” -ID(ON) | VS =VD = +14V, S1/S2/S3/54 +25°C -100 | 100 nA
Soungay e Sueh Orain & -D(ON) | VS =VD =-14V, S1/S2/5¥54 +25°C 4100 [ 100 | nA
Positive Supply Current I(+) All Channels VA = 0V +25°C - 100 HA
All Channels VA = 15V +25°C - 1 mA
Negative Supply Current I¢-) All Channels VA = 0V +25°C -100 - HA
All Channels VA = 15V +25°C -100 - pA
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Specifications HS-3XXRH/883S

TABLE 4. HS-306/307RH/883S DC POST 100K RAD (Si) ELECTRICAL CHARACTERISTICS
Tested Per Mil-Std-883. Unless Otherwise Specified: HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V

MULTIPLEXERS &
SWITCHES

LIMITS
PARAMETER SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS
High Level Address Current IAH All Channels High +25°C -1 +1 HA
Low Level Address Current IAL All Channels Low +25°C -1 +1 pA
Break-Before-Make Time Delay TOPEN | RL = 300Q, CL = 33pf, VS = +3V +25°C 2 300 ns
(HS-307RH/883S Only) (Note 1)
Switch Turn-On Time TON RL = 300Q, CL = 33pf, VS = +3V +25°C - 500 ns
(Note 1)
Switch Turn-Off Time TOFF RL = 300Q, CL = 33pf, VS = +3V +25°C - 450 ns
(Note 1)
NOTE: 1. VAL = 0V; VAH = 15V
TABLE 5. HS-302RH/303RH/384RH/330RH/883S DC POST BURN-IN DELTA ELECTRICAL CHARACTERISTICS
Guaranteed, Per Mil-Std-883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V
GROUP A LTS
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS
“Switch On” Resistance +RDS VD = 10V, IS = -10mA, 1 +25°C 5 5 Q
S$1/82/S3/S4
-RDS VD =-10V, IS = 10mA, 1 +25°C -5 5 Q
S1/52/S3/S4
Leakage Current Into the +IS(OFF) | VS =+14V, VD =-14V, 1 +25°C -2 2 nA
Source Terminal of an S1/52/S3/S4
“Off” Switch
wie IS(OFF) | VS =-14V, VD = +14V, 1 +25°C 2 | 2 nA
S$1/52/S3/S4
Leakage Current into the +ID(OFF) | VS =-14V, VD = +14V, 1 +25°C 2 2 nA
Drain Terminal of an “Off" S$1/S2/S3/S4
itch
Switc -ID(OFF) | VS =+14V, VD =-14V, 1 +25°C 2 | 2 nA
S$1/S2/S3/S4
Leakage Current from an +ID(ON) | VS =VD = +14V, S1/52/S3/54 1 +25°C 2 nA
“On” Driver Into the Switch
(Drain & Source) -ID(ON) | VS =VD =-14V, S1/S2/S3/S4 1 +25°C 2 nA
Low Level Input Address IAL All Channels VA = 0.8V 1 +25°C -100 100 nA
Current
High Level Input Address 1AH All Channels VA = 4.0V 1 +25°C -100 | 100 nA
Current
Positive Supply Current I(+) Al Channels VA = 0.8V 1 +25°C -1 1 pA
VA1 =0V, VA2 = 4.0V and 1 +25°C -0.1 0.1 mA
VA1 =4.0V, VA2 = OV )
Negative Supply Current 1(-) All Channels VA = 0.8V 1 +25°C -1 1 pA
VA1 =0V, VA2 = 4.0V and 1 +25°C -1 1 pA
VA1 =4.0V, VA2 = OV
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TABLE 5. HS-306RH/307RH/883S DC POST BURN-IN DELTA ELECTRICAL CHARACTERISTICS
Guaranteed, Per Mil-Std-883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V
LIMIT
; GROUP A S
* PARAMETER SYMBOL | CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS
“Switch On” Resistance +RDS VD = 10V, IS =-10mA, ' 1 _+25°C -5 5 Q
S1/52/S3/S4
-RDS VD =-10V, IS = 10mA, . 1 : . +25°C 5 5 Q
S$1/S2/S3/S4
Leakage Current into the | +IS(OFF) | VS = +14V, VD =-14V,, 1 +25°C 2 2 nA
Source Terminal of an S$1/S2/S3/S4 .
Off” Switch -IS(OFF) | VS =-14V, VD = +14V, 1 — +25°C 2 | 2 nA
S$1/S2/S3/S4
Leakage Current into the +ID(OFF) | VS =-14V, VD = +14V, 1 +25°C 2 2 nA
Drain Terminal of an “Off” S$1/82/S3/S4
Switch -ID(OFF) | VS = +14V, VD = -14V, 1 +25°C 2 | 2 | na
: S$1/S2/S3/S4 :
Leakage Current from an +ID(ON) | VS =VD = +14V, S1/52/S3/S4 1 +25°C -2 nA
“On” Driver Into the Switch )
(Drain & Source) ’ -ID(ON) | VS =VD =-14V, S1/S2/S3/S4 1 +25°C -2 2 nA
Low Level Input Address IAL All Channels VA = 3.5V 1 +25°C -100 | 100 nA
Current .
High Level Input Address IAH All Channels VA = 11V 1 +25°C -100 100 nA
Current ) ’ .
Positive Supply Current I(+) All Channels VA = 0V 1 +25°C -1 1 pA
) All Channels VA = 15V 1 +25°C -1 1 pA
Negative Supply Current 1(-) All Channels VA = 0V 1 +25°C -1 1 HA
All Channels VA = 15V - 1 +25°C -1 1 pA

TABLE 6. HS-302RH/303RH/306RH/307RH/384RH/390RH/883S APPLICABLE SUBGROUPS

MIL-STD-883 TEST REQUIREMENTS GROUP A SUBGROUPS PER METHOD 5005 (SEE TABLES 1 & 2)
Interim Electrical Parameters (Method 5004) ‘ I | )
Final Electrical Test Parameters (Method 5004) 1,2,3,9,10,11 (Note 1)
7, 8A,:8B (Functional Tests)
Group A Test Requirements (Method 5005) 1,2,3,7,8A, 8B, 9, 10, 11
Group B5 End-Point Electrical Parameters (Method 5005) 1,2,38,9,10, 11 (Note 2)
(Class S Only) .
Group B6 End-Point Electrical Parameters (Method 5005) 1
(Class S Only) '
Group C End-Point Electrical Parameters (Method 5005) . ’ 1.
(Class B Only)
Group D End-Point Electrical Parameters (Method 5005) 1
Group E2 End-Point Electrical Parameters (Method 5005) 1,7 (Note 3)
NOTES:

1. PDA applies to subgroup 1 and delta limits.
2. Subgroups 1, 2, 3 are datalogged; 9, 10 & 11 are go-no-go tests.
3. Endpoints are datalogged pre- and post-irradiation testing.
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HS-302RH/303RH/306RH/307RH/384RH/390RH/883S

Irradiation Circuits
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HS-302RH/303RH/306RH/307RH/384RH/390RH/883S

Burn-In Circuits

_V%A v Vs
I ( {
e —11 e m——?
._RE n D
L] m,
{e] o —
= n, ppg
= I Yo
STATIC CONFIGURATION -

HS-302RH/303RH/306 RH/307RH/883S

R = 10KQ + 5%, 1/4W (4 per position)

C = 0.01pF minimum (per position) or 0.1uF minimum per row
D = IN4002 (or equivalent)

+V = +155V £ 0.5V, -V = -16.5V + 0.5V

VA +15.5V £ 0.5V for 306RH/307RH

VA = +5.5V + 0.5V for 302RH/303RH

_F} V- V+
NC 1
+—]
R
—WA—{3
R
"—‘VVH 4
a
{e]
9 7
DYNAMIC CONFIGURATION
HS-302RH/303RH/883S

‘R =10KQ + 5%, 1/4W (4 per position)

C = 0.01pF minimum (per position) or 0.1uF minimum per row

D = IN4002 (or equivalent)

F = 100kHz square wave, 50% duty cycle,
VL=0.8V,VH=5.5V

+V = +155V £ 0.5V, -V = -15.5V £ 0.5V

00—
] ;a—l
R —E ﬂ - —5 VA
Wy {s] 1al— T
L 7] 3] 10 c
R —s] 2l D, TC
S AAS E E ? +V
.| o J
WA {s] El—l
STATIC CONFIGURATION
HS-384RH/390RH/883S

R = 10KQ t 5%, 1/4W (4 per position)

C = 0.01pF minimum (per position) or 0.1pF minimum per row
D = IN4002 (or equivalent)

+V = +15.5V £ 0.5V, -V = -15.5V £ 0.5V

VA = +5.5V 1 0.5V

F V- V4
j P
U/
ne —{1 al——+
cT
— D
—z] B,
_~RW_E _LAARA
1< vy
+A—L] A —
5] 1o}
{e] (s ]—
._E E V-
= Cr ¥p

DYNAMIC CONFIGURATION
HS-306RH/307RH/883S

R = 10KQ + 5%, 1/4W (4 per position)
C = 0.01puF minimum (per position) or 0.1pF minimum per row
D = IN4002 (or equivalent)
F = 100kHz square wave, 50% duty cycle,
VL=0.8V,VH =15V
+V = +15.5V £ 0.5V, -V =-15.5V £ 0.5V
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HS-302RH/303RH/306RH/307RH/384RH/390RH/883S

Burn-In Circuits (Continued)

00—
y -
Wy 1 16
—1z] 15— ~8F DYNAMIC CONFIGURATION
R o — HS-384RH/390RH/883S
VVv 13 4] T v
___E E D. c R = 10KQ + 5%, 1/4W (4 per position)
1 C = 0.01pF minimum (per position) or 0.1pF minimum per row
R _—E E"‘ D. c D = IN4002 (or equivalent)
WA E E T — 4V F = 100kHz square wavs, 50%.duty cycle,
VL=0.8V,VH=+5.5V -
A —{z] 10— +V=+15.5V £ 0.5V, -V = -15.5V £ 0.5V
AA B p
WA {s] El-——l
Test Circuits
SWITCHING TEST CIRCUIT (tON, tOFF)
SWITCH TYPE VINH
HS-302RH/303RH/384RH/390RH/883S 4V
HS-306RH/307RH/883S 15V
v wyn
sy LOGIC “1” = SWITCH ON
VINH
VS =43y . ) SWITCH LOGIC INPUT 50% 50%
= ; AL oL l OUTPUT ov
1
—>-- 300Q 2 33pF vs . :
INPUT 4] 10%
= GND‘-I—‘ J’Y{W T T oNi~— :
- - SWITCH OUTPUT Pt —1 1OFF  =—
BREAK-BEFORE-MAKE TEST CIRCUIT (tBBM)
SWITCH TYPE VINH
HS-303RH/390RH/883S 5V
HS-307RH/883S 15V
A LOGIC “1” =
T +15V SwiTcH on RL1 = RL2 = 3000
VINH =RL2=
Vst =V — oury  tosemesr P | cuizciza st
) D2
VS2=+3V 7 9 T ouT2 )
—>- s L 50% 50%
Loaic : Ruicul ALuz J._cu ov f : ouT1
1
INPUT J_ lv_ = = == ov e ' ouT2
= gnp= ©-15V SWITCH OUTPUT M"

ON RESISTANCE TEST CIRCUIT

(RON)
VA — VB
+10V __=I_— % F10mA
VB-VA
RON = JomA

)
-

—~ 1= 1{BBM

ON LEAKAGE CURRENT TEST CIRCUIT  OFF LEAKAGE CURRENT TEST CIRCUIT
(ISOFF, IDOFF)

(IDON)

ID(OFF)

S
A D ~e

F14v

I

8
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3

iy
&
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HS-302RH/303RH/306RH/307RH/384RH/390RH/883S

Harris - Space Level Product Flow

SEM - Traceable to Diffusion Method 2018
Wafer Lot Acceptance Method 5007

Internal Visual Inspection (Note 1)

- Gamma Radiation Assurance Tests Method 1019
100% Nondestructive Bond Pull Method 2023
Customer Pre-Cap Visual Inspection (Notes 1, 2)
Temperature Cycling Method 1010 Condition C

- Constant Acceleration’ Method 2001 Y1 30KG

Particle Impact Noise Detection method 2020,
Condition A 20G

Marking and Serialization
X-Ray Inspection Method 2012
Initial Electrical Tests (TO)

Static Burn-In 72 Hour, +125°C method 1015 Condition A

. Room Temperature Electrical Tests (T1)
Burn-In Delta Calculation (TO-T1)

NOTES:

PDA Calculation 3% Functional
5% Subgroups 1,7, A

Dynamic Burn-in 240 Hours, +125°C Method 1015
Condition D

Electrical Tests Subgroups 1, 7, 9 (T2)
Burn-In Delta Calculation (TO - T2)

PDA Calculation 3% Functional
5% Subgroups 1,7, A

Electrical Test +125°C, -55°C »
Alternate Group A Inspection Method 5005
Fine and Gross Leak Tests Method 1014
Customer Source Inspection (Note 2)

Group B Inspection (Notes 2, 4) Method 5005
Group D Inspection (Notes 2, 4) Method 5005
External Visual Inspectioni Method 2009

Data Package Generation (Note 3)

1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A.
2. These steps are optional, and should be listed on the purchase order if required.

3. Data package contains: Assembly Attributes (post seal)

Test Attributes (includes Group A) -55°C, +25°C, +125°C

Shippable Serial Number List

Radiation Testing Certificate of Conformance
- Wafer Lot Acceptance Report (includes SEM report)

X-Ray Report and Film

Test Variables Data, DC Test and TELQV

+25°C Initial Test
+25°C Interim Test 1
+25°C Interim Test 2

+25°C Delta Over Burn-In

4. .Group B data package contains Attributes Data pulse Variables Data, DC Test. Group D data package contains Attributes only.
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HS-302RH/303RH/306RH/307RH/384RH/390RH/883S

Metallization Topology

DIE DIMENSIONS: DIE ATTACH:
Die Size: 2130 x 1930 Material: Gold
Die Thickness: 11 x1 mils Temperature: Sidebrazed Ceramic DIP - 450°C £ 10°C (Max)
. 0 0,
METALLIZATION: Cerpack - 450°C + 10°C (Max)
Type: Al, 12.5kA £ 2kA WORST CASE CURRENT DENSITY: 1.732¢05 Alcm?
Back: Gold SUBSTRATE POTENTIAL: Unbiased
GLASSIVATION: LEAD TEMPERATURE (10s Soldering): <275°C
Type: Si0, PROCESS: DI Linear Metal Gate CMOS

Thickness: 8kA £ 1kA

Metallization Mask Layout

HS-302RH/303RH/306 RH/307RH/883S
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SEMICONDUCTOR

@

HS-3516RH

High Slew Rate, Wideband,

Radiation Hardened, Operational Amplifier

Features

* Radiation Environment
- Gamma Rate (1) 1 x 10° RAD(SI)/s
- Gamma Dose (y) 1 x 10° RAD(SI)

High Slew Rate >+22V/us

Fast Settling Time 130ns

¢ Unity Gain Bandwidth (Typ) 12MHz
* Low Offset Voltage +3mV

¢ Low Power Supply Current 6.5mA

L]

.

« Dielectrically Isolated Device Islands
Description
The HS-3516RH is a monolithic, high slew rate, wideband,

Pinout

HS8-3516RH 14 PIN CERAMIC FLATPACK
CASE OUTLINE F2, CONFIGURATION 2

TOP VIEW

] BW2

—————1NC
————1 BW1
——
————————1 OUTPUT

] NC

Functional Diagram

radiation resistant, operational amplifier. It provides a band-
width (unity gain stable) of greater than 10MHz and a slew
rate in excess of 22V/ms. Optional frequency compensation
adjustment is provided. The HS-3516RH has an internal
unity gain frequency compensation capacitor which is
internally connected. A clamp node feature enables the user
to clamp the output voltage via pin 3 which can source or
sink up to 3mA for high frequency clamped switching
purposes.

BW2

. - . -VIN o——r«
This device is designed to operate from -55°C to +125°C

and in both space and strategic-level radiation environments.

. vout
+VIN o——

VCLAMP

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

File Number 3023
Copyright © Harris Corporation 1992 43
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Specifications HS-3516RH

Absolute Maximum Ratings Reliability Information

Voltage Between V+and V-Terminals .. .................. 40V Thermal Resistance 6ia 6
Differential InputVoltage. . ... ....cooiiiiiiiininnnn.. v CeramicCERPAK . .......covvvnnnsn 82°C/W 16.QACIW
Voltage at Either Input Terminal .. . .......oovviunnnn.. V+toV- Package Power Dissipation at +75°C for TJ < +175°C

Output Short Circuit Duration (Note 5) . . .........vunn. Indefinite CeramicPackage . ...covviiiiieneniiieinieenieann 1.2wW
Junction Temperature (TJ) .o vveviiiinenenneeennnens +175°C  Package Power Dissipation Derating Factor Above +75°C

Storage Temperature Range ................. -65°C to +150°C Ceramic Package . .......coceveevnnnnnnnnnnns 12.2mW/r°C
ESDRatiNg. . covvverniiieerennnneenennnnnnenns <2000V

Lead Temperature (Soldering 10S). . ..c.vvvvveeennnn. 275°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings"” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational ions of this specification is not implied.

Operating Conditions

Operating Voltage Range . ...... e, 15V 10 15V VINcm < Vp(V+ = V-)

Operating Temperature Range. ............... -55°C to +125°C  RL 2 2kQ

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Tested at: Supply Voltage = +15V, RSOURCE = 100Q, RLOAD = 500kQ, VOUT = 0V. Unless Otherwise Specified.

GROUP A LIMITS
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE [ MIN | MAX | UNITS
Input Offset Voltage VIO |VCM=ov 1 125°C 30 | 30 | mv
2 +125°C 50 | 50 | mv
3 -55°C 100 | 100 | mv
Input Bias Current +B VCM =0V, +RS = 10kQ, 1 +25°C -100 100 nA
AS=1000 2 +125°C 100 | 100 | nA
3 -55°C 500 | 500 | nA
1B | VCM=O0V,+RS = 1000, 1 +25°C 400 | 100 | nA
-RS = 10k2 2 +125°C 100 | 100 | nA
3 -55°C 500 | 500 | nA
Input Offset Current o VCM = 0V,+RS = 10kQ, 1 +25°C -100 100 nA
RS = 10k2 2 +125°C 450 | 150 | nA
3 -55°C 500 | 500 | nA
Common Mode Range +CMR V+ = +5V, V- =-25V 1 +25°C 10 - \'
2,3 +125°C, -55°C | 10 R v
CMR | V# =25V, V-= -5V 1 +25°C R 10 v
2,3 +125°C, -55°C | - 10 v
Lar.ge Signal Voltage +AVOL VOUT = 0V and +10V, 4 +25°C 90 - dB
Gain AL=2ka 5,6 +125°C, -55°C | 90 - dB
-AVOL | VOUT = OV and -0V, 4 +25°C 90 N B
RL=2ka 5,6 25, 55°C | 90 ; )
Common Mode +CMRR AVCM = +10V, +V = 45V, 1 +25°C 80 - dB
Rejection Ratio -V = -25V, VOUT = -10V " Tvo 590 | 80 - -
CMRR | AVCM = -10V, +V = +25V, 1 125°C 80 - )
"V 5V, VOUT = +10v 2,3 +25°C, 55°C | 80 - B
Output Voltage Swing | +VOUT | AL = 2ka 1 +25°C 125 - v
+125°C 125 | v
-55°C 12.0 - v

4-4




Specifications HS-3516RH

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

Device Tested at: Supply Voltage = +15V, RSOURCE = 100, RLOAD = 500kQ, VOUT = OV. Unless Otherwise Specified.

4-5

GROUP A LmITS
PARAMETERS SYMBOL ) CONDITIONS SUBGROUP | TEMPERATURE MIN MAX | UNITS
Output Voltage Swing -VOouT RL = 2kQ 1 +25°C - -11.0 v
(Continued) 2 +125°C . -11.0 v
3 -55°C - -11.0 \
Output Current +louT VOUT = -10V 1 +25°C 12 - mA
2,3 +125°C, -55°C 12 - mA
-louT VOUT = +10V 1 +25°C - 12 mA
2,3 +125°C, -55°C . 12 mA
Quiescent Power +CC VOUT =0V, IOUT = 0mA 1 +25°C - 6.5 mA
Supply Current 2 +125°C - 65 | mA
3 -55°C - 8.7 mA
-ICC .| VOUT = 0V, IOUT = 0mA 1 +25°C -6.5 - mA
2 +125°C -6.5 - mA n
3 -55°C -8.7 - mA
Power Supply +PSRR | AVSUP =10V, 1 +25°C 80 . dB ?r.' w
Rejection Ratio W0V Ao 2,3 +125°C, 55°C | 80 - dB 8 E
-PSRR gs_uz;— \/1 (i://'- oV 1 +25°C 80 - dB E E
oISV, V- 20V 2,3 +125°C, -55°C 80 - dB g E
Output Short Circuit 10SC VOUT =0V 1 +25°C - 45 mA
Current 2 +125°C . 45 | mA
3 -55°C - 60 mA
“Output Clamp Voltage VOC1+ VIN =1V, VCLAMP =-3.0V, 1 +25°C -0.4 0.4 \"
Tolerance VOC1+=VOUT - VCLAMP
VOC2+ VIN=1V, VCLAMP =-6.0V, 1 +25°C -0.4 0.4 \
VOC2+ = VOUT - VCLAMP .
VOC1- VIN=-1V, VCLAMP = 3.0V, 1 +25°C -0.4 0.4 "
VOC1- = VOUT - VCLAMP
VvOC2- VIN =-1V, VCLAMP = 6.0V, +25°C -0.4 0.4 \
VOC2- = VOUT - VCLAMP
Input Clamp Current ICNL- VIN = -1V, VCLAMP = 3.0V 1 +25°C -3.3 -0.25 mA
' 2 +125°C 33 | -0.18 mA
3 -55°C -3.5 -0.30 mA
ICNH- VIN = -1V, VCLAMP = 6.0V 1 +25°C -3.3 -0.25 mA
2 +125°C -3.3 -0.18 mA
3 -55°C -3.5 -0.30 mA
ICNL+ VIN = 1V, VCLAMP = -3.0V 1 +25°C +0.5 +3.0 mA
2 +125°C +0.3 +3.0 mA
3 -55°C +0.3 +3.2 mA
ICNH+ VIN =1V, VCLAMP = -6.0V 1 +25°C +0.5 +3.0 mA
2 +125°C +0.3 +3.0 mA
3 -55°C +0.3 +3.2 mA



Specifications HS-3516RH

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

Device Tested at: Supply Voltage = +15V, RSOURCE = 500, RLOAD = 2kQ, CLOAD = 100pF, AVCL = +1V/V, Unless Otherwise Specified.

LIMITS
GROUP A
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN MAX | UNITS

Slew Rate +SR VOUT = +3V. 4 +25°C 22 - Vius

-SR -| VOUT =13V 4 +25°C 22 - Vips
Rise and Fall Time TR VOUT =0V to 1V, 4 +25°C - 35 ns

10% < TR <90%
TF VOUT =0Vto-1V, 4 +25°C - 35 ns
10% < TF <90%
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Characterized at: Supply Voltage = +15V, RLOAD = 2kQ, CLOAD = 100pF, AVCL = +1V/V, Unless Otherwise Specified.
LIMITS
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX | UNITS

Differential Input RIN VCM =0V 1 +25°C 10 - MQ
Resistance
Full Power Bandwidth- FPBW VPEAK = 10V 1,2 +25°C 350 - kHz
Minimum Closed Loop CLSG RL = 2kQ, CL = 50pF 1 -55°C to +125°C +1 - \\%
Stable Gain
Output Resistance ROUT Open Loop 1 +25°C - 70 Q
Quiescent Power PC VOUT =0V, IOUT = 0mA 1,3 -55°C to +125°C - 195 mwW
Consumption
Overshoot +0S VOUT =0V to +1.0V 1 +25°C - 10 %

-0S VOUT =0V to -1.0V 1 +25°C - 10 %
Settling Time TS To 5% for a 1V Step 1 +25°C - 130 ns
Overdrive Recovery TOR 1,4 +25°C - 5 Hs
Time
Gain Bandwidth GBWP - fO = 1IMHz, VO =200mV, 1 +25°C 1 - MHz
Product AVCL=10 VNV

NOTES:

1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These param-
eters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization
based upon data from multiple production runs which reflect lot to lot and within lot variation.

“mos N

. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVPEAK).
. Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.)
. Overdrive recovery time is the time required for the device to return to linear operation after being overdriven into saturation.
. Caution: Continuous long duration output short-circuit operation may degrade the operating life of the device.




Specifications HS-3516RH

TABLE 4. POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS

1M LIMITS
PARAMETERS SYMBOL CONDITIONS TEMPERATURE MIN MAX | UNITS
Open Loop Voltage Gain AVOL VSUPPLY = 15V, ISET = 15pA 25°C 80 - dB
Input Offset Voltage VIO VSUPPLY = £15V, ISET =.15pA 25°C -5 +5 mV
Input Bias Current +B VSUPPLY = 15V, ISET = 15pA 25°C -400 +400 nA
-B VSUPPLY = £15V, ISET = 15pA 25°C -400 +400 nA

TABLE 5. BURN-IN

PARAMETERS DELTA LIMITS
\'/ (o] +1mV
IBIAS +50nA

TABLE 6. APPLICABLE SUBGROUPS

DELTA PARAMETERS GROUP B, SUBGROUP 5§ (T, = +25°C)

CONFORMANCE GROUPS METHOD Q SUBGROUPS
Initial Test 100%/5004 1,4
Interim Test 100%/5004 1
PDA 100%/5004 1
Final Test 100%/5004 1,2,3,4,5,6
Group A Samples/5005 1,2,3,4,5,6
Group B BS Samples/5005 1,2,3

Others Samples/5005 1
Group D Samples/5005 1
Group E, Subgroup 2 Samples/5005 1
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HS-3516RH

Test Circuit

» o ACOUT

vi

FOR LOOP STABILITY,
USE MIN VALUE CAPACITOR
TO PREVENT OSCILLATION

"L 100pF
l 2K

500K

All Resistors= 1t 1% (Q)
All Capacitors= + 10% (uF)

Simplified Test Circuits and Waveforms
SLEW RATE CIRCUIT

+V

10

o__\
5_|_/s

"1

vout

100pF == 2KQ

OVERSHOOT, RISE/FALL/SETTLING TIME CIRCUIT

+V

E-Y
4
-
=

vourt

VIN 0——5

\+

100pF == 2KQ

v

SLEW RATE WAVEFORMS

+3.0V
INPUT

-3.0v

+SL

+3.0V
+2.5

25
-3.0v

OVERSHOOT, RISE/SETTLING TIME WAVEFORMS
1.0V +5%

WITHIN 15% OF
SETTLED VALUE

10%

\<— RISE TIME

< SETTLING TIME

48




HS-3516RH

Simplified Test Circuits and Waveforms (continued)
VOLTAGE CLAMP CIRCUIT

VIN

VCLAMP

p——0 VOUT

Burn-In Circuit

I
Q
P

L

N
VIN o——a%,—-?>__° vour

>
b < R2

= = RY

NOTES:

1(+V) - (-V)l = 31V £tV

VIN = 50kHz Square Wave, 50% Duty Cycle, -3.0V to +3.0V
(All Tolerance +10%)

R1 = 47kQ, 5% '/,W (Min)

R2 = 5100, 5%, '/,W (Min)

C1=C2=0.01pF (Min)

D1 = D2 = IN4002 or Equivalent/Board

D1

Irradiation Circuit

+15V

=  asv

4-9
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HS-3516RH

Schematic
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HS-3516RH

Harris - Space Level Product Flow

SEM - Traceable to Diffusion Method 2018

Wafer Lot Acceptance Method 5007

Internal Visual Inspection (Note 1)

Gamma Radiation Assurance Tests Method 1019
100% Nondestructive Bond Pull Method 2023
Customer Pre-Cap Visual Inspection (Notes 1, 2)
Temperature Cycling Method 1010 Condition C

Static Burn-In 240 Hours, +125°C Method 1015
Condition A

Electrical Tests Subgroups 1, 7, 9 (T1)
Burn-In Delta Calculation (TO - T1)

PDA Calculation 3% Functional
5% Subgroups 1,7, A

Electrical Test +125°C, -55°C
Alternate Group A Inspection Method 5005

Constant Acceleration method 2001 Y1 30KG Fine and Gross Leak Tests Method 1014

Customer Source Inspection (Note 2)

Group B Inspection (Notes 2, 4) Method 5005
Group D Inspection (Notes 2, 4) Method 5005
External Visual Inspection Method 2009

Data Package Generation (Note 3)

Particle Impact Noise Detection method 2020,
Condition A 20G

Marking and Serialization
X-Ray Inspection Method 2012
Initial Electrical Tests (T0)

NOTES:
1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A.
2. These steps are optional, and should be listed on the purchase order if required.

3. Data package contains: Assembly Attributes (post seal)
Test Attributes (includes Group A) -55°C, +25°C, +125°C
Shippable Serial Number List
Radiation Testing Certificate of Conformance
Wafer Lot Acceptance Report (includes SEM report)
X-Ray Report and Film
Test Variables Data, DC Test and TELQV
+25°C Initial Test '
+25°C Interim Test 1
+25°C Delta Over Burn-In

4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only.
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HS-3516RH

IIIIIIIIIIIIII ATTACH:

93 x93 x 11mils aterial: Gold Sil Eutectic Alloy

(2360 x 2360 x 280um) emperature: Ceramic DIP - 400°C (Max)
METALLIZATION: WORST CASE CURRENT DENSITY:

Type: Al A ok 0% A/cm? at 12mA

Thickness: 12.5kA 2 E POTENTIAL (POWE! )
GLASSIVATION:

Type: SiO, COUNT: 84

Thickness: 8kA + 1kA i ency Linear
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HARRIS

SEMICONDUCTOR

a0

HS-3530RH

Low Power, Radiation Hardened

December 1992 Programmable Operational Amplifier
Features Pinout
¢ Radiation Environment HS2-3530RH 8 PIN METAL CAN
- Gamma Rate (Y) 1 x 10° RAD (Siys TOP VIEW
- Gamma Dose (y) 1 x 10° RAD (SI)
¢ Wide Range AC Programming
- Slew Rate 0.06 to 3V/us O L
- Gain X Bandwidth 100KHz to 5.0MHz
INVERTING

¢ Wide Range DC Programming
- Power Supply Range +3.0V to +15V
¢ Supply Current 10pA to 1.2mA

¢ Dielectrically Isolated Device Islands
¢ Short Circuit Protection

Description

The HS-3530RH is a Low Power Operational Amplifier which
is an internally compensated monolithic device offering a
wide range of performance specifications. Parameters such
as power dissipation, slew rate, bandwidth, noise and input
DC parameters are programmed by selecting an external
resistor or current source. Supply voltages as low as 3 volts
may be used with little degradation of AC performance. The
HS-3530RH has been specifically designed to meet
exposure to space radiation environments. Operation from -55°C
to +125°C is guaranteed.

A major advantage of the HS-3530RH is that operating
characteristics remain virtually constant over a wide supply
range (£3V to £15V), allowing the amplifier to offer maximum
performance in almost any system, including battery
operated equipment. A primary application for this device is
in active filtering and conditioning for a wide variety of
signals that differ in frequency and amplitude. Also, by
modulating the set current, it can be used for designs such
as current controlled oscillators/modulators, sample and
hold circuits and variable active filters.

NOTES:
1. Case tied to V-.
2. Compliant to MIL-M-38510, package outline A-1.

Functional Diagram

aN—

+IN 3

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures.
4-13
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Specifications HS-3530RH

Absolute Maximum Ratings
Voltage Between V+ andV-Terminals. .. ................. 40v

Reliability Information
Thermal Resistance 6, 6;

Differential Input Votage. . . ......vveveeneennrnneenennnn 20V Metal Can Package ...........c..ouuue 75°8MI 12°5NV
Voltage at Either Input Terminal . . .. ... .covievnennnnn. V+to V- Package Power Dissipation at +75°C for TJ < +175°C

ISET (Current @t ISET) . ..o oiiiiniiiiiiiinniiannnnnns 500pA MetalCanPackage ......ccovveeiiineriineenneneenns 0.9W
VSET (Voltage to GND at ISET)......... (V+-2.0V) < VSET < V+ Package Power Dissipation Derating Factor Above +75°C

Output Short Circuit Duration (Note 1) .. .............. Indefinite Metal Can Package . . . ... covveeenneinnininnsnnen 9mw/rC
Junction Temperature (TJ) . ... coeviininnnnnneennnns +175°C

Storage Temperature Range . ................ -65°C to +150°C

ESDRating............. e <2000V

Lead Temperature (Soldering 10S€C) «...oovvvvnnnne... 275°C

* CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the operational of this specification is not implied.
Operating Conditions

Operating Temperature Range. ............... -55°C t0 +125°C  VINcm < Y/, (V4 - V=)

Operating Supply Voltage . ..........coovveenenvnnn.. +3Vto+15V  RL22kv

____ _TABLE1A. DC ELECTRICAL PERFORMANCE CHARACTERISTICS === =~ =~~~

LIMITS
be GROUP A ISET=1.5pA | ISET = 15pA
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE| MIN | MAX | miN | max | unirs
Input Offset \'/[e] VCM =0V 1 +25°C -3 3 -3 3 mv
Voltage 2.3 H25°C,55C | 5 | 5 | 5 | 5 mv
Input Bias +#B  |VCM=0V, +RS = 10kQ 1 +25°C . - | 20| 20 ] na
Current -RS = 1000 2,3 +125°C, -55°C | - - 40| | na
B |vcM=o0v, +RS = 1000 1 +25°C . - T 2021 mn
RS = 10ka 2,3 +125°C,-55°C | - - 40 | 40 nA
Input Offset 110 VCM =0V, +RS = 10kQ 1 +25°C - - -5 5 nA
Current RS = 10ka 2,3 +125°C, 55°C | - 0| 0] na
Large Signal +AVOL |VOUT =0V and +10V 4 +25°C 65 - 80 - kviv
Voltage Gain Note 1 56 H25C, 55°C | 25 | - | 50 | - | xww
-AVOL | VOUT = 0V and -10V 4 425°C 65 | - | 80 | - | kv
Note 1 5.6 +125°C,55°C | 25 | - | 50 | - | kww
Common Mode +CMRR |AVCM = +5V, +V = +10V 1 +25°C 80 - 80 - dB
Rejection Ratio -V =-20V, VOUT = -5V 2.3 125°C, -55°C 80 " 80 N a3
“CMRR | AVCM = -5V, +V = +20V 1 +25°C g0 | - | 80 | - dB
V=10V, VOUT = +5V 2,3 +125°C,55°c | 8o | - | 8 | - dB
Output Voltage | +VOUT |Note 1 1 425°C 126 | - [125[ - v
Swing 2,3 +125°C,-55°C | 105 | - | 105 | - v
-VOUT |Note 1 1 +25°C - | azs| - [2s] v
2,3 +125°C,55C | - |-105] - |-105] Vv
Output Current +lOUT |RL=2kQ 1 +25°C 25 - 2.5 - mA
10UT |RL=2kQ 1 +25°C - laes| - [ 25 ma
QuiescentPower | +ICC | VOUT = OV IOUT =0mA 1 +25°C s - Jso] pa
Supply Current 2,3 25, 55°C | - | 15 | - | 160 | nA
ACC | VOUT = OV IOUT =0mA 1 425°C 45 | - [-150] - A
2,3 +2s°c,55°C | 15 | - |60 | - BA
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Specifications HS-3530RH

TABLE 1A. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

Device Tested at: Supply Voltage = 15V, RSOURCE = 100Q, RLOAD = 500kQ, VOUT = 0V, Unless Otherwise Specified.

LIMITS
bC GROUP A ISET = 1.53A | ISET = 15pA
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE ] MIN | MAX | MIN MAX | UNITS
Power Supply +PSRR | AVSUP = 10V 1 +25°C 80 - 80 - dB
Rejection Ratio +V = +10V, -V = -15V
+V = 420V, -V = -15V 2,3 +125°C, -55°C 80 - 80 - dB
-PSRR | AVSUP = 10V 1 +25°C 80 - 80 - dB
+V = +15V, -V = -10V
+V = +15V, -V = -20V 2,3 +125°C, -55°C | 80 - 80 - dB
NOTE:
1. RL=75Q at ISET = 1.5pA, RL = 5kQ at ISET = 15pA.
TABLE 1B. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Tested at: Supply Voltage = +3V, RSOURCE = 1002, RLOAD = 500kQ, VOUT = 0V, Unless Otherwise Specified.
LIMITS
bC GROUP A ISET = 1.50A | ISET = 15pA
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE| MIN | MAX | MIN | MAX | UNITS
Input Offset \'[e] VCM =0V 1 +25°C -3 3 -3 3 mV
Vi
oltage 2,3 +25°C,-55C | 5 | 5 | 5 | 5 mv
Large Signal +AVOL |VOUT =0V and +1V 4 +25°C 25 - 25 - kviv
Vi i
oltage Gain Note 1 5,6 H25°C,55C | 15 | - | 25 | - | kww
-AVOL |VOUT =0V and -1V 4 +25°C 25 - 25 - kviV
Note 1 5,6 +26°C,56°C | 15 | - | 25 | - | kww
Common Mode | +CMRR |AVCM = +1.5V 1 +25°C 80 - 80 - dB
Rejection Ratio +V =+1.5V,-V=-45V
VOUT = -1.5V 2,3 +125°C, -55°C 80 - 80 - dB
-CMRR |AVCM =-1.5V 1 +25°C 80 - 80 - dB
+V =+4.5V, -V =-15V
VOUT = +1.5V 2,3 +125°C, -55°C 80 - 80 - dB
Output Voltage +VOUT |Note 1 1 +25°C - 2.0 - \
Swi
wing 2,3 +125°C, -55°C - 20 | - v
-VOUT |Note1 1 +25°C - -2.0 - -2.0 \
2,3 +125°C, -55°C - -2.0 - -2.0 v
Quiescent Power +CC |VOUT =0V IOUT = 0mA 1 +25°C - 15 - 150 RA
Supply Current
dad 2,3 125C,55°C | - | 15 | - | 160 | pA
-ICC |VOUT =0V IOUT =0mA 1 +25°C -15 - -150 - pA
2,3 +125°C, -55°C | -15 - -160 - RA
Power Supply +PSRR | AVSUP = 1.5V 1 +25°C 80 - 80 - dB
Rejection Ratio +V =+3V, -V =-3V
+V = 445V, -V = -3V 2,3 +125°C, -565°C 80 - 80 - dB8
-PSRR |DVSUP = 1.5V 1 +25°C 80 - 80 - dB
+V =43V, -V =-3V
+V =43V, V= -45V 2,3 +125°C, -55°C | 80 - 80 - dB

NOTE:

1. RL=75Q at ISET = 1.54A, RL = 5kQ at ISET = 15pA.
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Specifications HS-3530RH

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Tested at: RSOURCE = 50Q, CL = 100pF, AVCL = +1, RL = 5kQ, Unless Otherwise Specified.

LIMITS
AC GROUP A ISET = 1.5pA | ISET = 15pA
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX | MIN | MAX | UNITS
VSUPPLY = +15V
Slew Rate +SR VOUT =-10V to +10V +25°C 0.025 - 0.25 - Vips
Note 1 SR VOUT = +10V to -10V +25°C 0025 - foz2s| - | wus
Rise & Fall Time | TR VOUT = 0 to +400mV +25°C - 8.0 - 0.8 us
10% < TR < 90%
TF VOUT = 0 to -400mV 4 +25°C - 6.0 - 0.6 us
10% < TF < 90%
Overshoot +0S VOUT = 0 to +400mV +25°C - 3B | - B | %P
~ los VOUT = 0 to -400mV +25°C - 35 - 35 %
VSUPPLY = +3V
-| Slew Rate +SR VOUT = -2V to +2V +25°C 0.01 - 0.1 - Vips
Note 1 -SR VOUT = 2V to -2V +25°C 001 | - [or | - | vms
NOTE:
1. RL=20Q at ISET = 1.5pA.
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Characterized at: RSOURCE = 50%2, CL = 100pF, AVCL = +1, Unless Otherwise Specified.
' LIMITS
AC _ ISET = 1.5pA | ISET = 15A
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN I MAX | MIN l MAX } UNITS
VSUPPLY = +15V
Differential Input RIN VCM =0V 1 +25°C 50 - 50 - MQ
Resistance '
Full Power Bandwidth | FPBW |VPEAK =10V 1,2 +25°C 0.4 - 4 - kHz
Minimum Closed CLSG |RL =2kQ, CL = 50pF 1 -55°Cto +125°C | +1 - +1 - \\%
Loop Stable Gain .
Output Resistance ROUT | Open Loop 1 +25°C - 10 - 10 Q
Quiescent Power PC VOUT = 0V, IOUT = 0OmA 1,3 -55°C to +125°C - 4.8 - 4.8 mw
Consumption
Output Short-Circuit I0SC |VOUT =0V 1,4 +25°C -14 38 -27 42 mA
Current
Gain Bandwidth GBWP JAVCL = 10V/V 1 +25°C 45 - 750 - kHz
Product VO = 200mV, fO = 10kHz
VSUPPLY = +3V
Gain Bandwidth GBWP |AVCL=10V/V 1 +25°C 30 - 600 - kHz
Product VO =200mV, fO = 10kHz
NOTES:

1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These param-
eters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization
based upon data from multiple production runs which reflect lot to lot and within lot variation.

2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2rVPEAK).
. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs).

(4]

4. Caution: Continuous long-duration short-circuit operation may degrade the operating life of the device.
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TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
DC PARAMETERS SYMBOL CONDITIONS TEMPERATURE MIN MAX UNITS
Open Loop Voltage Gain AVOL VSUPPLY =15V +25°C 20 - kviv
ISET = 15yA, RL = 25kQ
Input Offset Voltage VIO VSUPPLY =15V +25°C - 3.5 mV
ISET = 15A, RL = 25kQ

TABLE 5. BURN-IN DELTA PARAMETERS GROUP B, SUBGROUPS 5 (T, = +25°C)

PARAMETERS DELTA LIMITS
VIO +imV
IBIAS +10nA

TABLE 6. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD Q SUBGROUPS
Initial Test 100%/5004 1,4
Interim Test 100%/5004 1
PDA 100%/5004 1
Final Test 100%/5004 1,2,3,4,5,6
Group A Samples/5005 1,2,3,4,5,6
Group B B5 Samples/5005 1,2,3

Others Samples/5005 1
Group D Samples/5005 1
Group E, Subgroup 2 Samples/5005 1

417
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"HS-3530RH

Test Circuit
vi
10K FOR LOOP STABILITY,
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M TO PREVENT OSCILLATION
st 1 500K ,= Pl
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A
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ANN—7 All Resistors = & 1% (Q)
50K All Capacitors = + 10% (1F)

Simplified Transient Response/Slew Rate Circuit
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VINN RSET
Burn-In Circuit Irradiation Circuit
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HS-3530RH

Typical Performance Curves
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HS-3530RH

Typical Performance Curves (Continued)

INPUT BIAS CURRENT vs TEMPERATURE OPEN LOOP VOLTAGE GAIN vs TEMPERATURE
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HS-3530RH

Harris - Space Level Product Flow

SEM - Traceable to Diffusion Method 2018
Wafer Lot Acceptance Method 5007

Internal Visual Inspection (Note 1)

Gamma Radiation Assurance Tests Method 1019
100% Nondestructive Bond Pull Method 2023
Customer Pre-Cap Visual Inspection (Notes 1, 2)
Temperature Cycling Method 1010 Condition C
Constant Acceleration method 2001 Y1 30KG

Particle Impact Noise Detection method 2020,
Condition A 20G

Marking and Serialization
X-Ray Inspection Method 2012
Initial Electrical Tests (T0)

NOTES:

Static Burn-In 240 Hours, +125°C Method 1015
Condition A

Electrical Tests Subgroups 1, 7, 9 (T1)
Burn-In Delta Calculation (TO - T1)

PDA Calculation 3% Functional
5% Subgroups 1,7, D

Electrical Test +125°C, -55°C

Alternate Group A Inspection Method 5005
Fine and Gross Leak Tests Method 1014
Customer Source Inspection (Note 2)

Group B Inspection (Notes 2, 4) Method 5005
Group D Inspection (Notes 2, 4) Method 5005
External Visual Inspection Method 2009

Data Package Generation (Note.3)

1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A.
2. These steps are optional, and should be listed on the purchase order if required.

3. Data package contains: Assembly Attributes (post seal)
Test Attributes (includes Group A) -55°C, +25°C, +125°C
Shippable Serial Number List
Radiation Testing Certificate of Conformance
Wafer Lot Acceptance Report (includes SEM report)
X-Ray Report and Film
Test Variables Data, DC Test and TELQV
+25°C Initial Test
+25°C Interim Test 1
+25°C Delta Over Burn-In

4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only.
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HS-3530RH

Metallization Topology

DIE DIMENSIONS: DIE ATTACH:
54 x 67 x 11.5mils Material: Gold Silicon Eutectic Alloy
(1370 x 1700 x 290um) - Temperature: Metal Can - 420°C (Max)
METALLIZATION: WORST CASE CURRENT DENSITY:
Type: Al A £ 2k 0.544 x 105 A/cm? at 2.5mA
Thickness: 12.5kA 2 SUBSTRATE POTENTIAL (POWERED UP): -V
G'}“?::';QEON TRANSISTOR COUNT: 49
Thickness: 8kA + 1kA . PROCESS: Complimentary Bipolar
Metallization Mask Layout
HS-3530RH
_ . _ R —
-d
2
4
-
o
w
3 * 8

-v
(& PACKAGE)

ISET

+V

OFFSET NULL
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HS-5104RH

Radiation Hardened Low Noise
Quad Operational Amplifier

Features

* Radiation Environment
- Gamma Rate (1) 1 x 10° RAD (Siys
- Gamma Dose (y) 1 x 10° RAD (SI)
¢ Low Noise
At 1kHz 3.5nV/VHzZ (Typ)
At 1kHz 0.5pA/NHzZ (Typ)
¢ Low Offset Voltage 3.0mV
High Slew Rate 2.5V/us (Typ)
Gain Bandwidth Product 6.5MHz (Typ)
Dielectrically Isolated Bipolar Technology
Single 5V Supply Capability

.

.

Applications

* High Q, Active Filters

¢ Audio Amplifiers

¢ Voltage Regulators

¢ Integrators

* Signal Generators

¢ Voltage References

¢ Space and Reactor Environments

Description

The HS-5104RH is a radiation hardened, dielectrically isolated bipolar
monolithic quad operational amplifier that provides low noise opera-
tion in a radiation hardened design. The predominant feature of the
HS-5104RH is its excellent noise characteristics, typically only 3.5nVAHz
and 0.5pA/VHz at 1kHz. This general purpose amplifier also offers an
array of dynamic specifications ranging from a typical 2.5V/us slew
rate and a 6.5MHz unity gain bandwidth to a minimum output drive
current of 10mA.

The HS-5104RH shows almost no change in offset voltage after expo-
sure to 100K rad(Si) gamma radiation, with only a minor increase in
current. Complementing these specifications is a post radiation open
loop gain in excess of 40K.

This impressive combination of features makes this amplifier ideally
suited for a variety of applications such as active filter design, signal
conditioning, and instrumentation circuits. Designed to meet exposure
in radiation environments, this amplifier is a necessity for satellite,
spacecraft, and nuclear power systems where its unique properties
will prolong the useful life of a system.

This quad operational amplifier is available in an industry standard
pinout allowing for immediate interchangeability with most other quad
operational amplifiers.

Pinout

HS1-5104RH

TOP VIEW

(14 PIN CERAMIC SIDEBRAZED DIP)

outT1 |1

ANt E
i [3]

A2

1] outs
13] 4Na
12] +iNg
1] v
10] +iN3
9] 4na
6] outs

COMPLIANT TO MIL-M-38510 PACKAGE OUTLINE D-1

Functional Diagram
V+
4
2
4N1
1 1
+IN1 "
V-
V+
4
anz —£ 7
2
+IN2 1
\'A
V+
4
ans —2 e
IN3 of 2
* 1
V-
V+
4
ane —13 1
iNg —2- ?
+ 11
V-

ouT1

ouT2

ouT3

ouT4
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Specifications HS-5104RH

Absolute Maximum Ratings

Voltage Between V+and V-Terminals . . .. .....ooevvenenns 40V
Differential Input Voltage. . . .......vviiviiiiiiiiiiinnns ™
Voltage at Either Input Terminal .. .. ...ccooovvnnent V+to V-
Peak Output Current (Note 5). . ... cvevvevnvennnnennn Indefinite

(One Amplifier Shorted to GND)
Junction Temperature (TJ) . ... oeveienennneennnnnnnn +175°C
Storage Temperature Range ................. -65°C to +150°C
ESDRating. . coovveiiiiiniiiinineniinneennnns <2000V
Lead Temperature (Soldering 10s)..........coovvvnnnn. +275°C

Reliability Informatibn

Thermal Resistance 0a 6jc

Ceramic Sidebraze Package .......... 75°C/W  12°CW
Package Power Dissipation at +75°C for TJ < +175°C

Ceramic Sidebraze Package ...........ceevvivinunnns 1.3W
Package Power Dissipation Derating Factor Above +750C

Ceramic Sidebraze Package ...........cceveuveenn 13mW/°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

Operating Temperature Range. . .............. -55°C to +125°C  VINcm < 1/2 (V+ - V-)

Operating Supply Voltage. ..........c.ccvvvvvennnn. 15V to £15V

RL 22kQ

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS

—Device Tested at: Supply Voltage =115V, RSOURCE = 100Q, RLOAD =100kQ, VOUT =0V, Unless Otherwise Specified

LIMITS
GROUP A
DC PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE MIN MAX UNITS
Input Offset Voltage vio | vcM=ov 1 +25°C -3.0 3.0 mv
2,3 +125°C, -55°C -15.0 15.0 mV
Input Bias Current +B VCM =0V, +RS = 10kQ, 1 +25°C -300 300 nA
-RS = 100Q
2,3 +125°C, -55°C -550 550 nA
-IB VCM =0V, +RS = 100Q, 1 +25°C -300 300 nA
-RS = 10kQ
2,3 +125°C, -55°C -550 550 nA
Input Offset Current 110 VCM =0V, +RS = 10kQ, 1 +25°C -300 300 nA
-RS = 10kQ
2,3 +125°C, -55°C | -400 400 nA
Common Mode Range +CMR V+=3V, V-=-27V 1 +25°C 12 - v
2,3 +125°C, -55°C 12 - v
~ -CMR V+=27V,V-=-3V 1 +25°C - - -12 \
2,3 +125°C, -55°C - -12 v
Large Signal Voltage Gain | +AVOL | VOUT = 0V and +10V, 1 +25°C - 75 - kvv
RL = 2kQ
2 +125°C - 100 - kviV
3 -55°C 50 - kviv
-AVOL | VOUT =0V and -10V, 1 +25°C 75 - kviv
RL =2kQ
2 +125°C 100 - kviv
3 -55°C 50 - kviv
Common Mode Rejection +CMRR | AVCM = +12V, 1 +25°C 80 - ds
Ratio +V =43V, -V =-27V, -
VOUT = -12V 2,3 +125°C, -55°C 80 - dB
-CMRR | AVCM =-12V, 1 +25°C . 80 - dB
+V =+27V,-V = -3V,
VOUT = +12V 2,3 +125°C, -55°C 80 . - dB
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Specifications HS-5104RH

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

Device Tested at: Supply Voltage = + 15V, RSOURCE = 1000, RLOAD = 100kQ, VOUT = 0V, Unless Otherwise Specified

LIMITS
GROUP A
DC PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE MIN MAX UNITS
Output Voltage Swing +VOUT1 | RL=2kQ 1 +25°C 10 - v
2,3 +125°C, -55°C 10 - v
+VOUT2 | RL=10kQ 1 +25°C 12 - \
2,3 +125°C, -55°C 12, - v
-VOUT1 | RL=2kQ 1 +25°C - -10 \"
2,3 +125°C, -55°C - -10 \
-VOUT2 | RL=10kQ 1 +25°C - -12 v
2,3 +125°C, -55°C - -12 \"
Output Current +OUT VOUT = -5V 1 +25°C 10 - mA
2,3 +125°C, -55°C 10 - mA
-louT VOUT = +5V 1 +25°C - -10 mA
2,3 +125°C, -55°C - -10 mA
Quiescent Power Supply +CC VOUT =0V, 1 +25°C - 6.0 mA
Current IOUT = 0mA
2,3 +125°C, -55°C - 6.0 mA
-ICC VOUT =0V, 1 +25°C -6.0 - mA
IOUT = 0OmA
2,3 +125°C, -55°C -6.0 - mA
Power Supply Rejection +PSRR | AVSUP =10V, 1 +25°C 80 - dB
Ratio +V = +10V, -V = -15V,
4V = 420V, -V = -15V 2,3 +125°C, -55°C 80 - dB
-PSRR | AVSUP = 10V, 1 +25°C 80 - dB
+V = +15V, -V =-10V,
+V = +15V, -V = -20V 2,3 +125°C, -55°C 80 - dB

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Tested at: Supply Voltage = + 15V, RSOURCE = 509, RLOAD = 2kQ, CLOAD = 50pF, AVCL = +1V/V, Unless Otherwise Specified.

LIMITS
GROUP A
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN MAX UNITS
Slew Rate +SR VOUT = -3V to +3V 4 +25°C 2 - Vius
-SR VOUT = +3V to -3V 4 +25°C 2 - Vius
Rise & Fall Time TR VOUT = 0 to +200mV 4. +25°C - 150 ns
10% < TR £90%
TF VOUT = 0 to -200mV 4 +25°C - 150 ns
10% < TR<90%
Overshoot +0S VOUT = 0 to +200mV 4 +25°C - 45 %
-0S VOUT = 0 to -200mV 4 +25°C - 45 %
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Specifications HS_-5 104RH

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
Device Characterized at: Supply Voltage = + 15V, RLOAD = 2k, CLOAD = 50pF, AVCL = +1V/V, Unless Otherwise Specified

‘LIMITS
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS
Differential Input Resistance RIN VCM =0V 1 +25°C 250 - . kQ
Input Noise Voltage Density En RS = 20Q, fo = 1000Hz 1 +25°C - 4 nVAHz
' Input Noise Current Density In RS =20MQ, fo = 1000Hz 1 +25°C - 1 pANHZ
Full Power Bandwidth FPBW VPEAK = 10V 1,2 +25°C 15 - kHz
Minimum Closed Loop Stable CLSG RL = 2kQ, CL = 50pF - 1 | -55°Cto+125°C T+ - VN
Gain
Output Resistance ROUT Open Loop 1 +25°C - 200 Q
Quiescent Power Consump- PC VOUT =0V, IOUT = 1,3 -55°C to +125°C - 180 mw
tion . _— - OmA. . . . o S — - -
Channel Separation cs RS = 1kQ, AVCL = 1 +25°C 90 - dB
100VNV, VIN =
100mVRMS at 10kHz,
Referred to input
Settling Time TS AVCL =-1 1,4 +25°C - 5 us
NOTES:

1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These param-
eters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization
based upon data from muitiple production runs which reflect lot to lot and within lot variation.

[$ 0 S~ N )

Device Tested at: Supply Voltage = +15V

TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS

. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVPEAK)
. Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.)

. Settling time measured from the 90% point of a 10V input pulse to within 10mV of the settled value.

. Caution: Continuous long-duration short-circuit operation may degrade the operating life of the device.

. LIMITS
DC PARAMETERS SYMBOL CONDITIONS TEMPERATURE MIN MAX UNITS
Open Loop Voltage Gain AVOL RL = 2kQ +25°C 40 - kviv
Input Offset Voltage VIO VCM = 0V +25°C - 5.0 mv
Input Offset Current [[e} RS = 10kQ, VCM = 0V +25°C - 1.0 HA
Input Bias Current IBIAS VCM = 0V +25°C - 1.0 HA

TABLE 5. HS-5104RH BURN-IN DELTA PARAMETERS (+25°C)

GROUP B, SUBGROUP 5
PARAMETERS DELTA LIMITS
\'/[e] +2.0mV
IBIAS 175nA
o 175nA
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TABLE 6. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD -Q SUBGROUPS
Initial Test 100%/5004 1,4
Interim Test 100%/5004 1
PDA 100%/5004 1
Final Test 100%/5004 1,2,3,4,5,6
Group A Samples/5005 1,2,3,4,5,6
Group B B5 Samples/5005 1,2,3

Others Samples/5005 1
Group D Samples/5005 1
Group E, Subgroup 2 Samples/5005 1

Test Circuits (Applies to Table 1 and Table 2)

¢ _I_ ACOUT [ W1
2K 50pF*
FOR LOOP STABILITY
USE MIN VALUE CAPACITOR
.. TO PREVENT OSCILLATION
*INCLUDES STRAY < 500k
o| CAPACITANCES S
190K
1 operg} s8 +
ST 2 FB
3 L
2 V2
10K
| S,
EOUT

Wy
100K

ONE OF FOUR TEST LOOPS FOR THE HS-5104RH

ALL RESISTORS = +1% (Q)
ALL CAPACIT

ORS = £10% (uF)

DUT = 1/4 OF HS-5104RH

Test Circuits and Waveforms
SIMPLIFIED TEST CIRCUIT (Applies to Table 2 and Table 3)

3.0V =

INPUT

s -3,0V
+SL -SL

— +3.0V

g;gk J'J- 50pF

SLEW RATE WAVEFORMS

+3.0V l

0 out

—

Y
+2.5

I\
-25

ouTPUT AV

-3.0v

AT R AT

+3.0V

3.0V
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HS-5104RH

Test Circuits and Waveforms (Continues)
' OVERSHOOT, RISE/FALL TIME WAVEFORMS

FINAL = +200mV
+200mV ov Vpis:z .............. FUU— %%
INPUT OUTPUT
OV smmm— L 200mV 10% V‘— 90%
TR, +0S TF, -0S v b T -200my
> ) PEAK
TR TF
SETTLING TIME TEST CIRCUIT AND WAVEFORM
4+5.01V 45V Tr<20ns (VIN)
vout
TF < 20ns (VIN) - -4.99V
5V -5V T :?;8‘1’8
l<— Sus ’
Burn-In Circuit Irradiation Circuit
7 :
1 14
2 gl ’&13 15V
Ri R +
—\W—3] —AM—
v K
K —3 i—— 4 B
c1 4P | R2 R3 D2 |c2
4 5 2 3 E—AM__‘
= -15V
) 6 9 4
(ONE OF FOUR)
Uil iz
TS,
NOTES: NIy
R1=R2 =R3 =R4 = 1IMQ, 5%, 1/4W (Min.) Group E Sample Size = 4 Die Per Wafer
C1 =C2 = 0.01uF/Socket (Min) or 0.1uF/Row (Min)
D1 = D2 = IN4002 or Equivalent/Board
I(V4) - (V) =31V £ 1V
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HS-5104RH

Typical Performance Curves
TYPICAL NOISE VOLTAGE AND CURRENT vs FREQUENCY OPEN LOOP GAIN AND PHASE vs FREQUENCY
50 15 120 — I 15
= L;',' \PH SE No LoAD"
X —
% 12 5 100 AVOL vec=ssv |° @
£ & - VEE =15V r
w In 80 N s &
W 30 wE = ~ g
< u 3 o
5 E Ze0 AN —NJios 5
o2 06 5 ° N [
> oz \ 3
2 40 03 @ 40 135 W
g Vn ] \ <
3 . T
o | 20 G 165 o
1 41 81 121 161 201 241 281 321 361 401 \
FREQUENCY (Hz) 0 195
10 100 1K 10K 100K 1M 10M
FREQUENCY (Hz)
*DERATE 4dB FOR RL = 2K
INPUT OFFSET VOLTAGE vs BIAS CURRENT vs
COMMON VOLTAGE AND TEMPERATURE COMMON MODE VOLTAGE AND TEMPERATURE
24%” TTTTTTTT T T TIT T T 18T r|||||| TTT]TTT]
19 - B A VCM=0V ] )
“C _ = 8 VCM =10V - § 4
— -1 118 ® VCM=-10V ou
[ _ A | o=
17 : VCM = 0V ] = - 'E -
— VCM =10V . z o
z F ® VCM=-10V . = I /.— EE
= 15 o 98 _
Qo - < o
"N N 2 LA (-
13— ] _ -
y ad f -
- / / 78 /
3 N 4
14 '\‘ P 7]
[ \ 7 ]
oot t b alooeloraliy gl LI 11111 11 HE NN
.60 -20 20 60 100 140 -60 -20 20 60 100 140
Ta(°C) Ta(°C)
OFFSET CURRENT vs
COMMON MODE VOLTAGE AND TEMPERATURE
BOFTTTTTTT[IT T[T T T [TTT
220
= A'VCM =0V -
& VCM =10V
_ ® VCM=-10V / ]
< 190
: -
o -
S 160 .\ i
130 V4
o
qooll 1t a1 11 Lil1g
60 20 20 60 100 140
Ta (°C)
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Typical Performance Curves (Continued)

BANDWIDTH AND PHASE MARGIN vs LOAD CAPACITANCE

PHASE MARGIN (DEGREES)

SLEW RATE AND BANDWIDTH vs SUPPLY VOLTAGE

100 7.0 T 125
I ”"m I ”I BANDWIDTH (NO LOAD)*
T 6 - -
80 BANDWIDTH AL 2K ‘ ] 2
N 5- g < <
60 * z E 6.0 20 i
4 E = SLEW RATE (RL = 2K, CL = 50 T
= =50pF)
20N “l ] 2 §
"N \ 3 § |<n »
o NIH{ PHASE MARGIN 2 & 5.0 15
n
0 N I 1 5 10 20 30 40
.
*. ! TOTAL SUPPLY VOLTAGE
(]
100pF 0.001 0.01 0.1 0 *DERATE 0.5MHz for RL = 2K
LOAD CAPACITANCE (uF) ) ) - - - B .
COMMON MODE REJECTION RATIO AND POWER SUPPLY
SLEW RATE AND BANDWIDTH vs TEMPERATURE REJECTION RATIO vs FREQUENCY
75 2.5 100
BANDWIDTH (NO LOAD)*
) =z 90
§ F_—-——‘ =3
.;_‘ E o 80
o 65 20 i 2
s « £ 70
2 z S CMRR
o
< pus | - 60
o o «
SLEW RATE (RL = 2K, CL = 50pF) ) @
55 | - l 15 e 50 u
55 0 425 +70 +125 N
40
Ta(°C)
. _ 30
DERATE 0.5MHz for RL = 2K 100 1K 10K 100K ™
FREQUENCY (Hz)
CHANNEL SEPARATION vs FREQUENCY
130
g X
Zz 120 .
<] 'w
=
g 110
& I
N
@ 100 Q
@ 1K 100K yo; 1K 100K vo?\{
Z 90} .
I VIN
(3] 1K 1K
sl = 1 e
= = CsS.= 20LOG(TOVW—°1‘)
70 L L Linin Ll LLiiiug L L L L1ty L1 1l
100 1K 10K 100K 1MHz
FREQUENCY (Hz)
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HS-5104RH

Schematic
| 3 R2A
S R13 SRi4 2RI gRI6] 5K
T sk $ak  Ts5k TsK Kanze
s R2B
ap26 y
.
o QP28
ap7 aps
ape2 - > B ,J aNso F
& ap27 & ap10
QPe3 QN46 R5 ¢
N Jor| 203
1% :
I
A Kl QN19
QapP3 I,IQN calt H
® ® aNt  aN2 fl F -
-
J I :
Qnas om1| pring Bl ]
et
1] L yane omnl oN
ang2 s
2R3 R19  2R4 R30 2 RS
3 5K 5K $10K 15K 3 15K
IN- IN+
(ONE OF FOUR)
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HS-5104RH

Harris - Space Level Product Flow

SEM - Traceable to Diffusion Method 2018

Wafer Lot Acceptance Method 5007

Internal Visual Inspection (Note 1)

Gamma Radiation Assurance Tests Method 1019
. 100% Nondestructive Bond Pull Method 2023

Customer Pre-Cap Visual Inspection (Notes 1, 2)

Temperature Cycling Method 1010 Condition C

Constant Acceleration method 2001 Y1 30KG

Static Burn-In 240 Hours, +125°C Method 1015
Condition A

Electrical Tests Subgroups 1, 7,9 (T1)
Burn-In Delta Calculation (TO - T1)

PDA Calculation 3% Functional
5% Subgroups 1,7, A

Electrical Test +125°C, -55°C
Alternate Group A Inspection Method 5005
Fine and Gross Leak Tests Method 1014

Particle Impact Noise Detection method 2020,
Condition A 20G e - o I .
Marking and Serialization Group B Inspection (Notes 2, 4) Method 5005
X-Ray Inspection Method 2012 Group D Inspection (Notes 2, 4) Method 5005
External Visual Inspection Method 2009

Initial Electrical Tests (TO) -
Data Package Generation (Note 3)

Customer Source Inspection (Note 2)

NOTES:
1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A.
2. These steps are optional, and should be listed on the purchase order if required.

3. Data package contains: Assembly Attributes (post seal)
Test Attributes (includes Group A) -55°C, +25°C, +125°C
Shippable Serial Number List
Radiation Testing Certificate of Conformance
Wafer Lot Acceptance Report (includes SEM report)
X-Ray Report and Film
Test Variables Data, DC Test and TELQV
+25°C Initial Test
+25°C Interim Test 1
+25°C Delta Over Bumn-In

4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only.
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Metallization Topology

DIE DIMENSIONS: GLASSIVATION:
124 x 108 x 11 mils Type: Silox
(3160 x 2740 x 280tm) Thickness: 8kA + 1kA
METALLIZATION: TRANSISTOR COUNT:
Type: Aluminum 175
Thickness: 12.5kA + 2kA PROCESS:
WORST CAF,SE chRENT DENSITY: High Frequency Linear
1.45 x 10° A/lcm* at 10mA DIE ATTACH:
SUBSTRATE POTENTIAL (Powered Up): Material: Gold Silicon Eutectic Alloy
V- Temperature:Ceramic DIP - 460°C (Max)

Metallization Mask Layout

HS-5104RH

-IN1| 2

+IN1 |3

v+ | 4
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HARRIS

SEMICONDUCTOR

HS-565ARH

PRELIMINARY High Speed, Monolithic

December 1992 Digital-to-Analog Converter
Features Pinouts
* DAC and Reference on a Single Chip HS1-565ARH (24 PIN DIP)
. TOP VIEW
¢ Pin Compatible with AD-565A and HI-565A
¢ Very High Speed: Settles to 1/2LSB in 500ns Nclj [24] BIT 1IN (MSB)
Max ne [2] 23] BIT21IN
* Monotonicity Guaranteed Over Temperature vee [3] BIT3IN
REF OUT [4] [21] BIT4IN
¢ 1/2LSB Max Nonlinearity Guaranteed Over REF GND [3] %] BIT 5 IN
Temperature REFIN [6] [19] BIT6IN
e Low Gain Drift (Max., DAC Plus Reference) -VEE [7] 18] BIT7 IN
25ppm/°C BIPOLARRIN [B] BITSIN
* Total Dose Hardness to 5S0KRAD IDAC OUT [9] 6] BIT9IN
10V SPAN [10 [15] BIT 101N
.. 20V SPAN [11} [14] BIT11IN
Ap P lications PWR GND [12] [13] BIT 121N (LSB)
¢ High Speed A/D Converters
¢ Precision Instrumentation ‘@
« Signal Reconstruction HA"sGs%’:f,l(E";VATPACK) < E
BIT1IN g g
1
. g NCC—— 1 24 ————
Description NC —— 2 23— ngsZ)m §
The HS-565ARH is a fast, 12 bit current output, digital- vee ——+ 3 :f —— BIT3IN
to-analog converter. The monolithic chip includes a REF OUT ——— ; 20 ———1 BIT4IN
precision voltage reference, thin-film R-2R ladder, RE;;NI: |== s PO S— 2:::::
reference control amplifier and twelve high-speed NEE ——— 7 18— BIT7IN
bipolar current switches. BIPOLARRIN C————] 8 17 ——— BIT8IN
The Harris Semiconductor Dielectric Isolation process IDAC OUT ————H 9 16 F—— 1 BIT9IN
provides latch-up free operation while minimizing stray 10V SPAN ——7—+ 10 15 ——— BIT10IN
capacitance and leakage currents, to produce an 20V SPAN ——— 1 W ——— BIT1IN
excellent combination of speed and accuracy. Also, PWR GND [—— 12 8 F— ™
ground currents are minimized to produce a low and
constant current through the ground terminal, which
reduces error due to code-dependent ground currents. F i | Di
unctional Diagram
HS-565ARH dice are laser trimmed for a maximum 9
integral nonlinearity error of +1/4LSB at +25°C. In B
addition, the low noise buried zener reference is HEFO}:T V‘;C o:%. 11
trimmed both for absolute value and minimum temper- 8 §%‘,"N
ature coefficient. + S5k
) 1ov 11940y
The HS-565ARH is packaged in ceramic 24 pin DIP - IREF 9.95K< T ° sPAN
and Flatpack packages. 19.95K 05mA DAC 35K
REF &_AAA o [ 3 out
IN Sask |* >
REF 5 2Vl B ﬁ (‘Qxxéggz) <25K
GND A ['
— 7 12 l 1 —
- VEE PWR 24...13 =
GND MSB LSB

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures.

Copyright © Harris Corporation 1992
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Specifications HS-565ARH

Absolute Maximum Ratings Reliability Information

VCCtoPowerGround .........covueennnnennenne OVto+18V  Thermal Resistance 0O Bic
VEEtoPowerGround ..........cccvvvvivviennnns 0V to -18V Ceramic DIP Package . .............. TBD TBD
Voltage on DAC Output (Pin9)..............cvo0en -3V to +12V Flatpack Package .................. TBD TBD
Digital Input (Pins 13 - 24) to Power Ground .......... -1Vto+7V  Package Power Dissipation for T, = -55°C to +125°C

RefInto Reference Ground . .........covvvienrennennnnnns t12v Ceramic DIP Package . .. .. covvreiiiiinenneeeninened TBD
Bipolar Offset to Reference Ground .............c..oovnennn t12v Flatpack Package .......oveveeniierenennnnenenannas TBD
10V Span R to Reference Ground. .........ovvveneninnnn. +12v

20V Span Rto Reference Ground. . .........coovivenennnn. 124V

Junction Temperature (TJ) . ..o vovveereinnneernnnnnns +175°C

Storage TemperatureRange ................. -65°C to +150°C

Lead Temperature (Soldering 10s). . ........ccoovvvnnn. +265°C

CAUTION: Stresses above those listed in “Absolute Maximum Raflngs may cause psrmanenl damage to the device. This is a stress only rating and operation
of the device at these or any ather conditions abova those indi j in the op tions of this specification is not implied.

Operating Conditions

Operating Voltage Range (VCC) ............. +11.4Vto +16.5V  Digital Input Low Voltage. .. ....oovvvviniininnannn 0V to +0.8V
Operating Voltage Range (VEE).

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS

All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested.

....-11.4V1t0 +16.5V  Digital Input High Voltage .............ocee.ee +22Vto+5.5V |
—Operating Temperature Range................ -55°Ct0 +125°C

GROUP A LIMITS
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS
Resolution VSSD = VSSA =0V, 1,2,3 -55°C to +125°C - - 12 Bits
VCC = +15V, VEE = -15V
Accuracy VSSD = VSSA =0V, 1,2,3 -55°C to +125°C - +1/8 | «t+1/2 | LSB
"VCC = +15V, VEE =-15V,
Error Relative to Full Scale
Digital Input High Current IH VSSD = VSSA =0V, 1,2,3 -55°C to +125°C - 0.01.] +1.0 HA
VCC = +15V, VEE = -16V
Digital Input Low Current liL VSSD = VSSA =0V, 1,2,3 -55°C to +125°C - 2.0 -20 RA
VCC = +15V, VEE = -15V
Ditferential Nonlinearity DNLE VSSD = VSSA =0V, 1,2,3 -55°C to +125°C - +1/4 | t1/2 LSB
VCC = +15V, VEE =-15V,
+25°C (Monotonicity
Guaranteed)
Power Supply Currents
vce IcC VSSD = VSSA =0V, 1,2,3 -55°C to +125°C - 9.0 11.8 mA
VCC = +16.5V, VEE =-15V
VEE IEE VSSD = VSSA =0V, 1,2,3 -55°C to +125°C - 9.5 14.5 mA
VCC = +15V, VEE = -16.5V
Reference Input Imped- RREF | VSSD =VSSA =0V, 1,2,3 -55°C to +125°C | 15K 20K 25K Q
ance VCC = +15V, VEE = -15V
Reference Output Voltage | Ref Out | VSSD = VSSA =0V, 1,2,3 -55°C to +125°C | 9.9 10 10.1 v
VCC = +15V, VEE = -15V
Reference Output Current IREF VSSD = VSSA = 0V, 1,2,3 -55°Cto +125°C | 1.5 25 - mA
VCC = +15V, VEE = -15V,
Available for external loads
Output Current
Unipolar VSSD =VSSA =0V, 1,2,3 -55°C to +125°C | -1.6 -2.0 -2.4 mA
VCC = +15V, VEE = -15V,
All Bits On
Bipolar VSSD = VSSA =0V, 1,2,3 -55°C to +125°C | 0.8 | +1.0 | +1.2 mA
VCC = +15V, VEE =-15V,
All Bits On or Off
Output Resistance ROUT | VSSD=VSSA=0V, 1,2,3 -55°C to +125°C | 1.8K | 2.5K | 3.2K Q
VCC = +15V, VEE =-15V,
Exclusive of Span Resistors

5-4



Specifications HS-565ARH

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. (Continued)

GROUP A LiMiTs
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS
Output Offset
Unipolar VSSD = VSSA =0V, 1,2,3 -55°C to +125°C - 0.01 | 005 | %of
VCC = +15V, VEE = -15V F.S.
Bipolar VSSD =VSSA =0V, 1,2,3 -55°C to +125°C - 0.05 | 0.1 % of
VCC = +15V, VEE =-15V, F.S.
Figure 2, R3 = 500 Fixed
Power Supply Gain
Sensitivity
vCcC Note 1 1,2,3 -55°C to +125°C - 3 10 | ppmof
F.S.
VEE Note 1 1,2,3 -55°C to +125°C - 15 25 | ppmof
F.S.
NOTE:
1. The Power Supply Gain Sensitivity is tested in reference to a VCC = +15V and VEE = -15V
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS -
All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested.
GROUP A LiMITS
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS
Settling Time (Note 1) VSSD =VSSA =0V, 9,10, 11 -55°C to +125°C - 350 | 500 ns

VCC = +15V, VEE = -15V,
High Z External Load

VSSD =VSSA =0V, 9,10, 11 -55°C to +125°C - 150 250 ns
VCC = +15V, VEE = -15V,
75Q External Load

H

DATA
CONVERTERS

Full Scale Transition

Rise Time TRISE | VSSD=VSSA=0V, 9,10, 11 -55°C to +125°C - 15 30 ns
VCC =+15V, VEE =-15V
Fall Time TFALL | VSSD=VSSA=0V, 9,10, 11 -55°C to +125°C - 30 60 ns

VCC = +15V, VEE = -15V

NOTE:
1. Reference the Settling Time discussion and Figure 3.

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS

All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested.

LIMITS
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | TYP | MAX | UNITS
Output Capacitance COUT |f=1MHz 1,2 +25°C - 20 - pF
1,3 +25°C - TBD - pF
Output Compliance 1 -55°C to +125°C | -1.5 - 10 v
Voltage
Temperature Coefficients
Unipolar Zero With Internal Reference 1 -55°C to +125°C - 1 2 ppmv°C
Bipolar Zero With Internal Reference 1 -55°C to +125°C - 5 10 | ppm°C
Gain (Full Scale) With Internal Reference 1 -55°C to +125°C - 10 25 | ppmv°C
Differential Nonlinearity 1 -55°C to +125°C - 2 - ppm/°C
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. (Continued)

LIMITS
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | TYP | MAX | UNITS

Programmable Output 1 -55°C to +125°C 0 - 5 \'

Ranges 55°Clo+125°C | 25 | - | 25 | V

-55°C to +125°C 0 - 10 \

-55°C to +125°C -5 - 5 Vv

-55°C to +125°C -10 - 10 Vv

External Adjustments 1
Gain Error Fixed 50Q Resistor for R2 1 -55°C to +125°C - 10.10 | £0.25 | - % of
Figures 1,2 F.S.
‘Bipolar Zero Error Fixed 50Q Resistor for R3 1 -55°C to +125°C - +0.05 | £0.10 | % of
Figures 1,2 F.S.
“Gain Adjustment Figures 1,2 1 -55°C to +125°C | +0.25 - - % of
Range ) F.S.
Bipolar Zero Adjust- Figures 1,2 1 -55°C to +125°C | +0.15 - - % of
ment Range F.S.
NOTES:

1. The parameters listed in Table 3 are controlled via design or process and are not tested. These parameters are characterized upon initial
design release.

2. 24 Pin DIP package only.
3. 24 Pin Flatpack package only.

TABLE 4. POST 50KRAD ELECTRICAL PERFORMANCE CHARACTERISTICS
Post 50KRAD Electrical Performance is per Tables 1,2, and 3

TABLE 5. BURN-IN DELTA PARAMETERS (T, = +25°C)
TBD

TABLE 6. APPLICABLE SUBGROUPS

CONFORMANCE GROUPS METHOD Q SUBGROUPS

Initial Test 100%/5004 1,7,9

PDA 100%/5004 1,7,A

Final Test 100%/5004 1,7,9

Group A Samples/5005 1,2,3,7,8,9, 10, 11

Group B B5 Samples/5005 ' 1,2,3,7,8,9,10, 11
Others Samples/5005 1,7

Group D Samples/5005 1,7

Group E, Subgroup 2 ; Samples/5005 1,7,9
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HS-565ARH

Definitions of Specifications
Digital Inputs

The HS-565ARH accepts digital input codes in binary format
and may be user connected for any one of three binary
codes. Straight binary, Two's Complement*, or Offset Binary,
(See Operating Instructions).

DIGITAL ANALOG OUTPUT
INPUT
STRAIGHT OFFSET TWO'S

MSB .LSB BINARY BINARY COMPLEMENT*
000 ...000 Zero -FS (Full Scale) Zero

100 ...000 1,FS Zero -FS

111 ...111 | +FS-1LSB +FS - 1LSB Zero - 1LSB
011 ...111 | Y,FS-1LSB | Zero- 1LSB +FS - 1LSB

* Invert MSB with external inverter to obtain Two's Complement Coding
Accuracy

Nonlinearity - Nonlinearity of a D/A converter is an impor-
tant measure of its accuracy. It describes the deviation from
an ideal straight line transfer curve drawn between zero (all
bits OFF) and full scale (all bits ON).

Differential Nonlinearity - For a D/A converter, it is the
difference between the actual output voltage change and the
ideal (1LSB) voltage change for a one bit change in code. A
Differential Nonlinearity of +1LSB or less guarantees
monotonicity; i.e., the output always increases and never
decreases for an increasing input.

Settling Time

Settling time is the time required for the output to settle to
within the specified error band for any input code transition.
It is usually specified for a full scale or major carry transition,
settling to within /,LSB of final value.

Drift

Gain Drift - The change in full scale analog output over the
specified temperature range expressed in parts per million of
full scale range per °C (ppm of FSR/C). Gain error is
measured with respect to +25°C at high (TH) and low (TL)
temperatures. Gain drift is calculated for both high (TH - 25°C)
and low ranges (+25°C - TL) by dividing the gain error by the
respective change in temperature. The specification is the
larger of the two representing worst case drift.

Offset Drift - The change in analog output with all bits OFF
over the specified temperature range expressed in parts per
million of full scale range per °C (ppm of FSR/°C). Offset error
is measured with respect to +25°C at high (TH) and low (TL)
temperatures. Offset drift is calculated for both high (TH - 25°C)
and low +25°C - TL) ranges by dividing the offset error by the
respective change in temperature. The specification given is
the larger of the two, representing worst case drift.

Power Supply Sensitivity

Power Supply Sensitivity is a measure of the change in gain
and offset of the D/A converter resulting from a change in -
15V or +15V supplies. It is specified under DC conditions
and expressed as parts per million of full scale range per
percent of change in power supply (ppm of FSR/%).

Compliance

Compliance Voltage is the maximum output voltage range
that can be tolerated and still maintain its specified accuracy.
Compliance Limit implies functional operation only and
makes no claims to accuracy.

Glitch

A glitch on the output of a D/A converter is a transient spike
resulting from unequal internal ON-OFF switching times.
Worst case glitches usually occur at half scale or the major
carry code transition from 011 ... 1 to 100 ... O or vice
versa. For example, if turn ON is greater than turn OFF for
011...1t0100.. .0, an intermediate state of 000 ... 0
exists, such that, the output momentarily glitches toward
zero output. Matched switching times and fast switching will
reduce glitches considerably.

Applying the HS-565ARH
OP AMP Selection

The HS-565ARH’s current output may be converted to
voltage using the standard connections shown in Figures 1
and 2. The choice of operational amplifier should be
reviewed for each application, since a significant trade-off
may be made between speed and accuracy. Remember
settling time for the DAC-amplifier combination is

Jup?+ p?

where tp, ta are settling times for the DAC and amplifier.

' 1 +15V
R1
50kQ
10002 -15V

R2
1000
Rerour, VCC BIP.
493 ofF. 18
1"
HS-S6SARH [-—ozovspAN
<
*C )ov kS ”
: IREF 095k 3 t——°1°VSPAN by
<
19.95 0.5mA DAC 5.(5:
s AKA n
REF| VS y
N a5k @xirer| o <
REF A ) x CODE), 25Kg
GND 3K
— CODE e
INPUT

FIGURE 1. UNIPOLAR VOLTAGE OUTPUT
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HS-565ARH

No Trim Operation

The HS-565ARH will perform as specified without calibration
adjustments. To_operate without calibration, substitute 50Q
resistors for the 100Q trimming potentiometers: In Figure 1
replace R2 with 50Q; also remove the network on pin 8 and
connect 50Q to ground. For bipolar operation in Figure 2,
replace R3 and R4 with 50Q resistors.

With these changes, performance is guaranteed as shown
under Specifications, -“External Adjustments”. Typical
unipolar zero will be £'/,LSB plus the op amp offset.

The feedback capacitor C must be selected to minimize
settling time.

Calibration

Calibration provides the maximum accuracy from a
converter by adjusting its gain and offset errors to zero, For
the HS-565ARH, these adjustments are similar whether the
current output is used, or whether-an external op amp is
added to convert this current to a voltage. Refer to Table 1
for the voltage output case, along with Figure 1 or 2.

Calibration is a two step process for each of the five output
ranges shown in Table 1. First adjust the negative full scale
(zero for unipolar ranges). This is an offset adjust which
translates the output characteristic, i.e. affects each code by
the same amount.

Next adjust positive FS. This is a gain error adjustment,
which rotates the output characteristic about the negative FS
value.

R3 i o I S o
‘v?c,’,,, “100Q° ‘BRos “For the bipolar ranges, this approach leaves an error at the
: " zero code, whose maximum values is the same as for
- HS-S65ARH [0 20V sPAN integral nonlinearity error. In general, only two values of
'( 1ov L51(1: output may be calibrated exactly; all others must tolerate
. IREF 295k 1}..‘3,,"”" w some error. Choosing the extreme end points (plus and
oA pAc ] SK:E pAC minus full scale) minimizes this distributed error for all other
o W N codes. .
Sasx |* axmer |, < | ° . "
BeE A }ﬁ‘ﬁ»m 25K g n(seE Settling Time
3K 9
L =4 TASLED This is a challenging measurement, in which the result
- SO - depends on the method chosen, the precision and quality of
test equipment and the operating configuration of the DAC
70 17 20-0eee 13 (test conditions). As a result, the different techniques in use
VEE pwr MSB by converter manufacturers can lead to consistently different
GND results. An engineer should understand the advantage and
limitations of a given test methods before using the specified
FIGURE 2. BIPOLAR VOLTAGE OUTPUT settling time as a basis for design.
TABLE 1. OPERATING MODES AND CALIBRATION
CIRCUIT CONNECTIONS CALIBRATION
OUTPUT PIN 10 PIN 11 RESISTOR APPLY
MODE RANGE TO TO (R) INPUT CODE ADJUST TO SET VO
Unipolar (See Figure 1) 0to+10V \'/e] Pin 10 1.43K: All 0's R1 ov
All 1’s R2 +9.99756V
0to +5V \'/e] Pin9 1.1K Ali0's R1 ov
All 1's R2 +4.99878V
Bipolar (See Figure 2) 10V NC \'/e] 1.69K All0’s R3 -10v
Al 1’s R4 +9.99512v
5V vo Pin 10 1.43K AllOs R3 -5V
Al 1’s R4 +4.99756V
2.5V \'/e] Pin9 1.1K All0's R3 2.5V
All 1’s R4 +2.49878V
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HS-565ARH

The approach used for several years at Harris calls for a
strobed comparator to sense final perturbations of the DAC
output waveform. This gives the LSB a reasonable
magnitude (814mV for the HS-565ARH, which provides the
comparator with enough overdrive to establish an accurate
+,LSB window about the final settled value. Also, the
required test conditions simulate the DAC’s environment for
a common application - use in a successive approximation
A/D converter. Considerable experience has shown this to
be a reliable and repeatable way to measure settling time.

The usual specification is based on a 10V step, produced by
simultaneously switching all bits from off-to-on (tON) or on-
to-off (tOFF). The slower of the two cases is specified, as
measured from 50% of the digital input transition to the final
entry within a window of +'/,LSB about the settled value.
Four measurements characterize a given type of DAC:

“(a) tON, to final value +'/,LSB
(b) tON, to final value -'/,LSB
(c) tOFF, to final value +'/,LSB
(d) OFF, to final value -'/,LSB

(Cases (b) and (c) may be eliminated unless the overshoot
exceeds '/,LSB). For example, refer to Figure 3 for the
measurement of case (d).

Procedure

As shown in Figure 3B, settling time equals tX plus the
comparator delay (tD = 15ns). To measure tX,

¢ Adjust the delay on generator number 2 for a tX of several
microseconds. This assures that the DAC output has
settled to its final wave

Switch on the LSB (+5V)

Adjust the VLSB supply for 50% triggering at COMPARA-
TOR OUT. This is indicated by traces of equal brightness
on the oscilloscope display as shown in Figure 3B. Note
DVM reading.

Switch to LSB to Pulse (P)

Readjust the VLSB supply for 50% triggering as before,
and note DVM reading. One LSB equals one tenth the
difference in the DVM readings noted above

Adjust the VLSB supply to reduce the DVM reading by
5LSB’s (DVM reads 10X, so this sets the comparator to
sense the final settled value minus ‘/2LSB). Comparator
output disappears

* Reduce generator number 2 delay until comparator output
reappears, and adjust for “equal brightness”

.

Measure tX from scope as shown in Figure 3B. Settling
time equals tX + tD, i.e. tX + 15ns

SYNC
PULSE PULSE
our GENN%A"IOR peerpy N GENNEORAZTOR %T
out -
20V £ 20% ©
@ BIAS
HS-565ARH
24 8 l TURNON
™ _Ng TURN OFF
g 11
N S _l-
N BT i € - Yy
—e 10
NC ® \_50* DIGITAL
j 3 LU p INPUT
35K STROBE IN *- LB
UL 9 [ S DAC
iy N ® COMPARATOR T OuTPUT
> -'-V_o our ¥ o
<
i 25K -400mV p— <— SETTLING TIME
P E 2mA 5 (TURN OFF) —»{ l<— tD = COMPARATOR DELAY
5V=—0 _L_ — tX |-
Ls8 12 = 2v COMP.
o 90 | 200 J STROBE
= A0 § 0K © 50%
o L | wss 08V r """""" “EQUAL BRIGHTNESS"
DVM bl o.4pF | suppLY / COMP
av .
@ 14 ouT
L N Y
FIGURE 3A. FIGURE 3B.
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HS-565ARH

Other Considerations
Grounds

The HS-565ARH has two ground terminals, pin 5 (REF
GND) and pin 12 (PWR GND). These should not be tied
together near the package unless that point is also the
system signal ground to which all returns are connected. (If
such a point exists, then separate paths are required to pins
5 and 12).

The current through pin 5 is near zero DC*; but pin 12
carries up to 1.75mA of code - dependent current from bits
1, 2, and 3. The general rule is to connect pin 5 directly to
the system “quiet” point, usually called signal or analog
ground. Connect pin 12 to the local digital or power ground.
Then, of course, a single path must connect the analog/
signal and digital/power grounds.

Layout

Connections to pin 9 (IOUT) on the HS-565ARH are most
critical for high speed performance. Output capacitance of
the DAC is only 20pF, so a small change of additional

capacitance may alter the op amp’s stability and affect
settling time. Connections to pin 9 should be short and few.
Component leads should be short on the side connecting to
pin 9 (as for feedback capacitor C). See the Settling Time
section.

Bypass Capacitors

Power supply bypass capacitors on the op amp will serve the
HS-565ARH also. If no op amp is used, a 0.01uF ceramic
capacitor from each supply terminal to pin 12 is sufficient,
since supply current variations are small.

* Current cancellation is a two step process within the HS-
565ARH in which code dependent variations are eliminated,
the resulting DC current is supplied internally. First an
auxiliary 9 bit R-2R ladder is driven by the complement of
the DAC's input code. Together, the main and auxiliary

supplied by the zener voltage reference, and the remainder
is sourced from the positive supply via a current mirror which
is laser trimmed for zero current through the external
terminal (pin 5).

Die Characteristics

TransistorCount ...........ccoiiiiiiieenninnnnn. 200
DieSize......cooviiiiiiiiiiiiiinan. 179 x 107 mils
Tie Substrateto.................... Reference Ground
Process....c.oviiiiiiiiiii i Bipolar - DI

Thermal Constants
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HARRIS HS-9008RH

PRELIMINARY CMOS 8 Bit Flash
December 1992 Analog-to-Digital Converter

Features Pinouts

+ Excellent Noise Rejection - Fully Differential Design 28 PIN CERAMIC DIP CASE OUTLINE D1, CONFIGURATION 3
TOP VIEW

o Superior Linearity (0.5LSB Typical)

¢ Single Reference Supply

¢ Low Power (400mW Typical)

* 20MHz Sampling Rate (50ns Conversion Time)
+ Total Dose Hardness to 300KRAD

Description

The Harris HS-9008RH is a CMOS 8 Bit Flash Converter
designed for space applications were relatively low
power, exceptional accuracy and very fast conversion
speeds are a necessity.

The HS-9008RH design differs substantially from most
other available Flash Converters as it employs fully
differential analog input sampling networks and
amplifiers, as well as regenerative, offset nulled (error
correcting) comparators. These circuit techniques
improve noise performance and render the circuit much
less sensitive to process and radiation induced device

28 PIN FLATPACK CASE OUTLINE F11A, CONFIGURATION 2

parametric shifts. Outstanding integral and differential TOP VIEW
linearity error is achieved through the use of a metal film
resistor network which exhibits >10 bit linearity without R —==—]10 28 === vssD
trim. As a result of these innovations, the device operates Vbbb |/ 2 27 ——— VN
with a single fixed reference supply as opposed to the CLK — 3 26 f—— VssD
multiple, adjustable references used in similar devices. ot d— 25 === VSSA
VSSA ———5 24 ————3 VREF+
The HS-9008RH is fabricated in Harris’ new AVLSI1RA VREF- ———] ¢ 23 E VDDA
process, which is dual level metal, twin well, thin EPI, VDDA ——7 22 OF
1.25pM junction isolated CMOS process. The capacitors | (LSB)B1 E=———38 21 [————1 B8 (MSB)
are metal to metal with a nitride dielectric and have a neg- B2 ————9 20 ——— 87
ligible attenuation factor. B3 ———— 10 19 ——— B6
. B4 ———— 11 18 1:: B5
This combination of factors makes the HS-9008RH one of TET ———— 12 17 f=—o vssA
the best 8 Bit Flash Converters available in the Commer- CE2 —— 13 16 | vssD
cial, Military or Rad Hard markets. VDDA ==— 14 15 VDDD
Truth Table
CEl CE2 B1-B8 OF
0 1 Valid Valid
1 1 Tri-State Valid
X 0 Tri-State Tri-State
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3279

Copyright © Harris Corporation 1992 5-11
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HS-9008MS

Pin Description

PACKAGE PIN PACKAGE PIN
28 DIP/FP NAME DESCRIPTION 28 DIP/FP NAME DESCRIPTION
8 B1 {LSB) Output Data Bits 2,4,15 VDDD | Digital Supply
9 B2 Output Data Bits 13 CE2 Tri-State Output Enable
10 B3 | Output Data Bits 12 CET Tri-State. Output Enable
" B4 Output Data Bits 6 VREF- Negative Reference Input
18 B5 Output Data Bits 27 VIN Analog Signal In
19 B6 QOutput Data Bits 5,17,25 VSSA Analog Ground
20 B7 Output Data Bits 3 CLK Clock Input
21 B8 (MSB) Output Data Bits 12R Reference Midpoint
22 OF Overflow 24 VREF+ Positive Reference Input
16, 26, 28 VSSD Digital Ground 7,14,23 VDDA Analog Supply
‘| Functional Diagram ’ - -
CLOCK GENERATOR
cLK
D of o1 L [
T
veers. [ —wWA— o|1 lI. 01 lI. T I |
I OUTPUT| 3
= ] WFFs ?‘D DVER:
O 3 | cozse AMPS CRe MFFS [—
VIN *
‘o ' i 1 ] outpur BITS
: ; MFFS (MSB)
H '
: '
$ ! :
3 H ! : OUTPUT
- MFFS ?‘D BIT7
DSN AMPS DUAREC %— MFFs j—
' ; |_1output BIT6
: ! MFFS g
1 z
< ' H
3 ! ;
e Cwert 5 [ _?—[:l
(MsB)
DN | Jawes OYNFe —b— wrs 4 &
. : ! L] outPuT BIT4
: : : MFFS
: : =
3 ' : : -
3 H H OUTPUT
- : —1 MFFs -?_D BIT3
DSN w DYNAMIC MFFs |
T ' T |_{outeur ?_D BIT2
' ' i MFFS
. ) N
H 1 !
4 : d :
3 : ! : OUTPUT
1 osn ‘ DYNAMIC s i (Blgg)
vaer- [ v ect LATCH MFFS
E E
M — M = M CE2
VREF RESISTOR DIFFERENTIAL ENCODER
LADDER COMPARATOR —_—
TRI-STATE
OUTPUTS
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Specifications HS-9008RH

Absolute Maximum Ratings Reliability Information
DC Supply Voltage Range, VDDD = VDDA Thermal Resistance 6ja 8c
(Referenced to VSSD = VSSA=GND) .......... -0.3Vto +7.0V 28 Flatpack Package................ T8 TBD
Input Voltage Range: CE1, CE2, CLK, VREF-, 28 Ceramic DIP Package ............ T8BD TBD
VREF+ VIN,",R ....ocviniennnn.n. VSS -0.3V to VDD +0.3V 24 Flatpack Package................ TBD TBD
Output Voltage Range: B1 - B8, OF Package Power Dissipation
(Outputs Off). .o .o ceveeniinenennn VSS -0.3V to VDD +0.3V For Ta=-55°C1t0+125°C .....ovviiiiinniinnninnnnnss TBD
DC Input Current CE1, CE2, CLK, VIN,B1-B8,OF........ 10mA
Storage Temperature Range ................. -65°C to +150°C
Lead Temperature (Soldering 10S). . .......cccvvevvunns +265°C
CAUTION: Stresses above those listed in “Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions

» Operating Voltage Range (VDDD = VDDA)........ +4.5V to +5.5V  Digital InputLow Voltage. . .............covun 0V to +0.2VDDD
Operating Temperature Range................ -55°C to +125°C  InputHigh Voltage. . .............couvnnn. 0.8VDDD to VDDD

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS

All Typical Values Represent +25°C; Nominal Conditions and have been characterized but are not tested.

GROUP A LIMITS
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS

Resolution VDDD = VDDA = 5V, 1,2,3 -55°C to +125°C 8 - - Bits

CLK =10MHz, VSSD =VSSA =0V,

VREF = 4.000V (Adj.)
Integral Linearity ILE VDDD = VDDA = 5V, 1,2,3 -55°C to +125°C - +0.5 | +1.0 | LSB
Ermror CLK=10MHz, VSSD =VSSA =0V,

VREF = 4.000V (Adj.)
Differential Linearity DLE |VDDD = VDDA =5V, 1,2,3 -55°C to +125°C - |+0.25] 0.5 | LSB
Error CLK =10MHz, VSSD =VSSA =0V,

VREF = 4.000V (Ad].)
Offset Error VOS | VDDD = VDDA =5V, CLK = 10MHz, 1,2,3 -55°C to +125°C - - |+1.25]| LSB

V.SSD = VSSA =0V, VREF =4.000V
(Adj.), VIN = VREF- + 0.5LSB

Gain Error GE [VDDD=VDDA=5V,CLK=10MHz, | 1,2,3 | -55°Cto+125°C | - - |+225] LsB
- | vSSD = VSSA = 0V, VREF = 4.000V
(Adj.), VIN = VREF+ - 1.5.SB

Ladder Impedance Ref VDDD = VDDA =5V, . 1,2,3 -55°C to +125°C | 300 | 500 | 600 Q
CLK =10MHz, VSSD = VSSA =0V,
VREF = 4.000V (Adj.)

Full Scale Range VDDD = VDDA =5V, 1,2,3 -55°C to +125°C - 4 5 v
(VIN and (VREF+) - CLK=10MHz, VSSD=VSSA =0V,
(VREF-)) VREF = 4.000V (Ad}.)
Supply Current (IDDD
+IDDA + IREF)
Dynamic IDDD | VDDD = VDDA =5V, CLK = 10MHz, 1,2,3 -55°C to +125°C - 60 135 mA

VSSD = VSSA =0V, VREF = 4.000V
(Adj.), CLK = 25MHz (Note 1)

Static IDDS - |VDDD=VDDA=5V,CLK=10MHz, | 1,2,3 | -55°Cto+125°C | - | 40 | 80 | maA
VSSD = VSSA = 0V, VREF =4.000V
(Adj.), CLK = High

NOTE:
1. For typical value, CLK = 1MHz.
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Specifications HS-9008RH

TABLE 2A. AC ELECTRICAL PERFORMANCE CHARACTERISTICS

All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested.

CLK = 25MHz, VSSD = VSSA = OV,
VREF = 4.000V (Ad})

LIMIT!
GROUP A s
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS
Conversion Speed VDDD =VDDA =5V, CLK=10MHz, | 9, 10, 11 -55°C to +125°C | 20 - - MSPS
VSSD =VSSA =0V, VREF = 4.000V
(Adj.), CLK = 50% Duty Cycle,
Square Wave
Full Power Bandwidth VDDD =VDDA =5V, CLK=10MHz, | 9, 10,11 -55°C to +125°C - 10 - MHz
VSSD =VSSA =0V, VREF =4.000V
(Adj.), VIN = Full Scale Sine Wave
(Note 1)
Differential Gain Error | VDDD = VDDA =5V, 9,10, 11 -55°C to +125°C - - 25 %
CLK=10MHz, VSSD=VSSA =0V,
VREF = 4.000V (Adj.), (Note 2) -
_| Differential Phase... . |.......... | VDDD=VDDA=5V,CLK=10MHz, | 9,10, 11 -| - -55°C to +125°C- | - -- -—|-25 | Deg-—
Emor VSSD =VSSA =0V, VREF =4.000V
(Adj.), (Note 2)
Total Harmonic THD |VDDD=VDDA=5V, |CLK=1MHz | 9,10, 11 -55°C to +125°C - - -48 dB
Distortion VSSD =VSSA=0V,
VREF = 4.000V CLK=10MHz| 9, 10, 11 -55°C to +125°C - - -48 dB
(Adj) CLK=20MHz| 9,10,11 | -55°Cto+125°C | - - 48 | dB
Signal-to-Noise Ratio | SNRD |VDDD=VDDA=5V, |CLK=1MHz | 9,10, 11 -55°C to +125°C | 47 - - dB
(Plus Distortion) VSSD=VSSA=0V,
VREF = 4.000V CLK=10MHz| 9, 10, 11 -55°C to +125°C | 47 - - dB
(Adj.) CLK=20MHz| 9,10,11 | -55°Cto+125°C | 42 - - dB
NOTE:
1. The -3dB bandwidth for frequency response purposes is greater than 30MHz.
2. VIN = 3.58MHz burst, CLK = 14MHz, 6 DC levels (2.0, 2.2, 2.4, 2.6, 2.8, 3.0V).
TABLE 2B. AC ELECTRICAL SWITCHING CHARACTERISTICS
All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested.
GROUP A FIMITS
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS
Track Time (Auto TTRACK | VDDD = VDDA = 5V, 9, 10, 11 -55°C to +125°C | 20 - - ns
Balance Time) CLK=25MHz, VSSD = VSSA =0V,
VREF =4.000V (Ad}.), CLK = High
Hold Time THOLD |VDDD=VDDA =5V,CLK=25MHz, | 9, 10, 11 -55°C to +125°C | 20 - - ns
VSSD =VSSA =0V, VREF =4.000V
(Adj.), CLK = Low
Data Output Delay TOD |VDDD =VDDA =5V, 9, 10, 11 -55°C to +125°C - - 35 ns
: CLK =25MHz, VSSD = VSSA = 0V, :
VREF = 4.000V (Adj.)
Output Enable Time TEN VDDD = VDDA =5V, 9,10, 11 -55°C to +125°C - - 25 ns
CLK =25MHz, VSSD = VSSA = 0V,
VREF = 4.000V (Adj.)
Output Disable Time TDIS |VvDDD=VDDA=5V, 9,10, 11 -55°C to +125°C - - 25 ns
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested.

LIMITS
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | TYP | MAX | UNITS
Digital Input Cl f=1MHz, VDDD = VDDA = OPEN, 1,2 +25°C - - 15 pF
Capacitance VSSD = VSSA =0V, Ty = +25°C 13 +25°C N N 15 oF
Output Capacitance co f=1MHz, VDDD = VDDA = OPEN, 1,2 +25°C - - 10 pF
VSSD = VSSA =0V, Ty = +25°C 1.3 +25°C - N 10 pF
Analog Input CIN CLK =High, VDDD = VDDA = 5V, 1 -55°C to +125°C - 70 - pF
Capacitance VSSD = VSSA =0V,
(Static) VREF = 4.000V (Adj.),
Analog Input DYNCIN | CLK=3MHz, VDDD = VDDA =5V, 1 -55°C to +125°C - 30 - pF
Capacitance VSSD = VSSA =0V,
(Dynamic) VREF = 4.000V (Adj.),
Aperture Delay VDDD =VDDA =5V, 1 -55°C to +125°C - TBD - ns
VSSD = VSSA =0V,
VREF = 4.000V (Adj.)
Aperture Jitter VDDD = VDDA =5V, 1 -55°C to +125°C - TBD - ps
VSSD = VSSA =0V,
VREF = 4.000V (Adj.)
Analog DC Input IREF VIN = 4.0V, VDDD = VDDA = 5V, 1 -55°C to +125°C - 2 - mA
Current VSSD = VSSA =0V,
VREF = 4.000V (Ad}.),
Power Supply PSR VDDD = VDDA =5.5V, 1 -55°C to +125°C - <1.0 - LSB
Rejection VSSD = VSSA =0V, v
VREF = 4.000V (Adj.)

NOTES:

1. The parameters listed in Table 3 are controlled via des