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RICMOS™

FEATURES

RADIATION HARDNESS
* Total Dose Hardness of >1x10° rad(SiO,)

* Dose Rate Upset Hardness to 1x10'* rad(Si)/sec
¢ Dose Rate Survivability to 1x10" rad(Si)/sec

* SEU Hardness to 1x10"'! upsets/bit-day
(Flip-Flops & SRAMSs)

¢ Neutron Fluence Hardness tc 1x10* cm™
PERFORMANCE

* Typical Gate Delays of 0.5 ns (Post-Radiation)

¢ Flip-Flop Toggle Frequencies of 200 MHz

* Capable of Supporting System Speeds of 30 MHz

SEA OF TRANSISTORS GATE ARRAY

Preliminary

HX1060

OTHER

¢ In production on Honeywell's 1.2 um Minimum
Feature RICMOS™ - SOI Process

* Devices Available as a QML Class V or Class Q
in addition to Class B or modified Class S

¢ Qutside Foundry Netlist Import Capability
* 60K Gates: 24K Usable Minimum

* /O Compiler With Over 200 Options

* Compatible with TTL or CMOS I/O

¢ Configurable 2K SRAM or 16K ROM

« Up to 254 Useable /0 Pads

GENERAL DESCRIPTION

The RICMOS™ HX1060 is a performance-oriented radia-
tion-hardened sea of fransistors gate array based on the
RICMOS™ process. The high density and performance
characteristics of the RICMOS™ Silicon-On-Insulator (SOI)
process allow the HX1060 to operate up to 30 MHz over the
full military temperature range after exposure to ionizing
radiation exceeding 1x10° rad(SiO,). Flip-Flops and
SRAMs have been hardened to Single Event Upsets
(SEU) to less than 1x107° errors/bit-day. ROMs are SEU
immune.

Logic designers need not have a background in radiation
hardening. Honeywell's VDS ToolKii™ provides a full suite
of user friendly design tools encompassing static timing
analysis, test program generation, and automated place
and route. Userfriendliness is enhanced through the use of
design aids known as soft macro compilers which increase
the designer's productivity during the schematic capture
phase ofthe designcycle. The library forHX1060 s virtually
identical to Honeywell's RICMOS Standard Cell Library.

HX1060's design system contains 30 SSl logic elements,
13 data storage elements, five MSI soft macro compilers,
two LSI supercells, and over 200 I/O pad options.
Configurable SRAMs and configurable ROMs can be sized
in single-bit increments to 64 bits. The library allows
systemintegration of over 24,000 gates per chip with up to
254 signal pins.

Each I/O site can be either Input, Output, or Bidirectional.
The I/O celis are IEEE 1149.1 compatible. An I/O compiler
with over 200 options can configure for TTL/CMOS, high or
low drive, pull up/pull down resistors, and Schmitt triggers.
The HX1060 also supports SSD (Synchronous Scan De-
sign) which permits scan path testing on all flip-flops and
registers. The HX1060 is available as a QML Class V or
Class Q device or can be screened to meet either Class B
and modified Class S requirements.
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HX1060 Characteristics
Raw / Usable Gate Count 61,820 /24,000
Typical Delay 0.5ns
Maximum Flip-Flop Toggle Frequency 200 MHz

/O Interface Levels

CMOS, LSTTL, Schmitt Trigger

Total Package Pins Available 84 to 256 (LDCC)
Input/Output Pins Up to 254
Typical Power Dissipation 0.5 to 1.5W
Operating Temperature -55 to 125°C
Process Technology ¢ RICMOS™ SOl
Minimum Geometry 1.2um

Design-For-Test Technique®

SSD/ IEEE 1149.1 Boundary Scan

(1) RICMOS™ SOl (Radiation Insensitive CMOS Silicon-On-Insulator) process tachnology
(2) SSD (Synchronous Scan Design). Refer to Honeywell's RICMOS™ ASIC

Library Data Book for more information.

Total lonizing Radiation Dose

Each cell in the library meets all stated functional and
electrical specifications after a total ionizing radiation dose
of 1x10° rad(Si0,) applied under recommended operating
conditions.

Transient Pulse lonizing Radiation

Each integrated circuit designed with the HX1060 is ca-
pable of writing, reading, and retaining stored data through
a 20 ns transient ionizing radiation pulse of over 1x10"
rad(Si)/second, applied under recommended operating
conditions. Additionally, all devices are capable of meeting
all functional and electrical specifications after exposure to
a 20 ns transient ionizing radiation pulse of over 1x10'
rad(Si)/second applied under recommended operating
conditions. Note that the current conducting during the
transientionizing radiation pulse by the inputs, outputs, and
power supply may significantly exceed the normal operat-
ing values. The system design must accommodate these
increases.

Neutron Radiation

Each integrated circuit designed with the HX1060 will meet
all stated functional and electrical specifications afteratotal
neutron fluence of over 1x10' neutrons/cm?, applied under
recommended operating conditions, assuming an equiva-
lent neutron energy of 1 MeV.

Latchup

The HX1060 integrated circuits will not latch up when
exposed to any of the above radiation conditions applied
under recommended operating conditions. The on-chip
power supply grid is designed and placed first, according to
cell block placement to guard against excessive supply
voltage drop. Special guardbanding within each cell help to
minimize any parasitic transistors that cause latchup to
oceur.
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HX1060 Cell Library Index HONEYUELL/S S E C

Pre-Rad Post-Rad
Intrinsic Delay | Loading Factor | Intrinsic Delay | Loading Factor
Cell Description | Note | Rising | FallingJ Rising| Falling | Rising| Fauingl Rising| Falling |
Inverters/Bufters
Inverter 1X Power 054 063 093 097|060 052 1.00 0.85
Inverter 2X Power 048 060 053 050 {059 045 053 047
Inverter 3X Power 044 056 040 036 )055 041 039 035
Inverter 4X Power 042 055 032 029 {053 039 031 028
Inverter 5X Power 041 053 027 024|052 038 026 024
Buffer 1X Power 028 036 1.41 160 | 031 030 1652 137
Buffer 4X Power 129 129 030 030|118 129 031 0.28
Tristate Inverter 089 1.02 089 0.86 |1.04 082 097 0.75
Combinational Logic -
2 Input NAND 072 095 093 165 (079 078 1.01 1.43
3 Input NAND 086 158 096 234095 1.33 1.03 2.03
4 Input NAND 098 248 098 3.03 |1.09 212 1.06 263
2 Input AND 035 039 168 1600839 033 1.8 137
3 Input AND 044 047 189 184 {055 039 214 138
4 Input AND 264 144 117 104 248 146 121 093
2 Input NOR 069 073 175 089 {080 064 194 086
3 Input NOR 047 086 1.07 111|054 068 112 0N
2 Input OR 031 047 142 205|034 038 152 1.68
3 Input OR 037 066 142 240|041 048 152 1.92
2 Input XOR 202 200 1.03 099|208 196 1.08 097
2 Input XNOR 1.07 145 162 166|104 144 195 143
2 Input OR to 2 Input NAND 116 1387 177 169 {132 112 196 148
2 Input AND to 2 Input NOR 113 130 176 173|128 1.04 196 151
2X2 Input AND to 2 Input OR 143 130 09 166|134 131 1.04 144
3X2 Input AND to 3 input OR 160 1.88 097 234 152 181 104 204
4X2 Input AND to 4 Input OR 163 218 096 3.01 1153 208 104 262
Multiplexers
210 1 MUX Data | 1.76 153 098 166 {165 150 1.05 144
Select| 178 164 098 1.66 (165 162 1.04 1.4
410 1 MUX Data | 287 328 1.06 3.03 275 3.06 1.12 264
Select | 442 453 1.06 3.02 | 424 434 14 2.63
Adders
1 Bit Half Adder Sum | 210 211 102 098|213 195 1.08 093
Canry | 1.57 126 1.03 1.03 |146 128 1.08 091
1 Bit Full Adder Sum | 426 445 097 098 | 404 437 1.03 084
Canry | 1.03 1.04 089 1.09 |087 1.03 089 091
Latches (Positive Level)
D Latch DtoQ | 237 240 109 1.18 |216 243 1.12 1.09
ENtoQ | 281 322 1.09 1.18 |275 3.6 113 1.11
D Latch (SEU-hard) DtoQ | 216 223 066 070 |1.98 224 067 0.67
ENtoQ| 291 336 066 069 |290 328 0.66 0.67
D Latch W/Set & Reset DtoQ | 288 242 1.09 1.17 |217 243 112 1.09
ENtoQ | 282 324 1.09 1.16 [|276 3.17 1.13 1.09
D Latch W/Set & Reset (SEU-hard) DtoQ | 217 223 065 071|199 227 066 0.66
ENtoQ | 292 351 067 070 |291 343 066 0.67
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Cell Library Index (cont.)

Pre-Rad Post-Rad

Intrinsic Delay | Loading Factor | Intrinsic Delay | Loading Factor
Cell Description Note | Rising | Falling| Rising | Falling | Rising ] Falling| Rising | Fafling
Flip-Fiops (Positive Edge Trigger)
D Flip-Flop CLKtoQ} 3.48 3.66 094 099 323 351 1.01 0.87
D Flip-Flop W/NFT CLKtoQ| 349 3.66 094 1.01] 324 352 1.01 0.87
D Flip-Flop (SEU-hard) CLKtoQ| 323 298 066 070 3.18 267 066 0.65
D Flip-Flop W/NFT (SEU-hard) CLKtoQ] 894 431 050 052 236 247 079 0.81
D Flip-Flop W/Reset CLKtoQ| 2.73 277 1.11 122 266 250 1.15 1.13
D Flip-Flop W/Reset (SEU-hard) CLKtoQ| 4.42 456 066 057 420 438 0.67 052
D Flip-Flop W/Set & Reset CLKtoQj 4.11 390 1.03 1,02 384 378 108 0.10

D Flip-Flop W/Set & Reset (SEU-hard) | CLKto Q| 3.77 4.21 056 051 3.56 4.09 057 047

o

Nominal Drive Ouput 1.82 174 0.03 004 230 247 0.03 0.03
High Drive Output 195 1.87 0.02 002 170 1.76 0.02 0.02
Nom. Drive Tristate Output W/Enable 213 197 003 004 1.85 186 0.03 0.03
High Drive Tristate Output W/Enable 229 208 002 002 203 195 0.02 0.02

Nominal Drive Bi-Dir. Output W/Enable |  Input 103 1.06 030 031 081 087 019 020
Output 214 1989 003 0.04] 187 188 0.03 0.03

High Drive Bi-Dir. Output W/Enable Input 1.03 1.06 030 031 081 087 019 020

Output 229 207 002 002 203 196 002 020
TTL Invetting/Noninverting Input 055 076 030 031 041 037 024 027
CMOS Inverting/Noninverting Input 424 7.00 031 030} 3.78 269 026 026

433 689 031 030 3.86 255 026 025

Miscellaneous Cells

2 to 32 Bit Configurable Binary Counter Design Dependent
2 to 32 Bit Configurable Shift Register Design Dependent
To 2K Configurable RAM Design Dependent
To 16K Configurable ROM Design Dependent

Nominal Gate Delay Calculation

For calculating the nominal delay of any give gate inthe ~ This equation assumes nominal conditions, i.e., the junc-

library the following equations should be used: tion temperature 25°C and the supply voltage (VDD) is
5.0V. The capacitive load (C ) should be expressed in pF
— * . N o
D,:a“ing = Dyinsic Faling + LF, aling C, and the loading factor (LF) is from the Cell Library Index
table above. The equation is expressed in nanoseconds.
— *
DRising - Dlnln'nsic Rising + LFHising CL
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Power Dissipation Calculation

The typical Power Dissipation for any given implementation of the HX1060 is given by the following equation:

Power(mW) = (V,,,)? * (Clock Frequency) * [(0.25) * (# of Nets * 0.5pF)+(0.25 * (#of Output Pads) * 50pF)].

RECOMMENDED OPERATING CONDITIONS

Parameter Description Military Limits Units
Min Typ Max
Voo Supply Voitage 4.5 5.0 5.5 A
A Operating Free-Air Temperature -55 125 °C

ABSOLUTE MAXIMUM RATINGS (1)

Parameter Description Rating Units
Voo Supply Voltage +7.0

Vi Input Voltage Continuous -0.5 to (V,,,+0.5)

V, Voitage Applied to Three-State Output in Off-State -0.5 to (V,,+0.5)

T, Junction Temperature +175 °C

(1) Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress
rating and functional operation of the device at these or any conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum conditions for extended periods of time may adversely effect devices.

DC ELECTRICAL CHARACTERISTICS

Parameter Test Conditions Military Limits Units
Min | Typ | Max
Vi CMOS Input Buffer 0.7'V,, v
TTL Input Buffer 2.2 \"
\'A CMOS Input Buffer 03"V, V
TTL Input Buffer 0.8 \
Ly TTL/CMOS Input Buffer 0<V, <V, -10 10 HA
j ' Output Buffers I, = max (3-15 mA options) 400 mv
L Vo Output Buffers lgy = Max (3-15 mA options) 4.0 \J
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Radiation-Hardened Assurance Plan

Honeywell radiation-hardened integrated circuits are de-
signed and processed to meet all stated functional and
electrical specifications after a total ionizing radiation dose
of one Mrad (SiO,). All circuits are designed to remain
within design specifications after rebound at 5.5V, 125°C
extrapolated to ten years. Honeywell assures the total
dose radiation hardness of its devices by:

*» Total dose testing of process monitor structures at
wafer level

« Total dose testing of product at wafer level

* Package level testing per MIL-STD-883, Method
5005, Group E, if requested by the customer.

Wafer level testing is done using a 10KeV X-ray radiation
source. To ensure that the wafer level X-ray testing is
equivalent to standard military test environments, several
experiments have been performed to determine the corre-
lation between X-ray and Cobalt-60 gamma ray sources.
Both performance and transistor parametric shifts have
been analyzed. The results have shown that the X-ray
radiation source provides an equivalent radiation environ-
ment and, in many cases, induces more degradation than
an equivalent dose on a Cobalt-60 source.

HONEYWELL/S S E C

Onevery wafer lot, two die from each of the three wafers are
dosed on an X-ray radiation source. The dosing is donein
three increments up to, and including, one Mrad (SiO,).
The data is reviewed to determine if the parameters are
within specified levels. The wafer lots are sent on for
packaging only if they pass the electrical test limits at one
Mrad (SiO,).

Package level total dose radiation testing is performed per
MIL-STD-883, Method 5005, Group E, if required by the
customer. Analternative to the MIL-STD testing is to modify
the sample size and/or perform the testing on the in-house
X-ray source.

The radiation hardness assurance strategy starts with a
design and technology that is resistant to the effects of
radiation. Radiation hardness is assured on every wafer by
monitoring key process monitor parameters to which hard-
ness is sensitive, before and after exposure to total dose
radiation. In addition, the radiation hardness of product
samples from every lot is assured. This Total Quality
approach ensures our customers of a reliable product by
engineering reliability into the process development and
guaranteeing that quality through extensive qualification
and screening.

NETED Synopsys, SYMED, and EXPAND aretrademarks of Mentor Graphics Inc. CADENCE and DRACULA are trademarks of Cadence Design
Systems Inc. RICMOS, VDS ToolKit, VERIFY, DELAY, and DAMSEL are trademarks of Honeywell Inc.

Honsywe!l reserves the right to maks changes to any products or technology herein to improve reliability, function or design. Honeywell does not assume any tiabllity
arising out of the application or use of any product or circuit described herein; nelther does it canvey any license under its patent rights nor the rights of others.

Honeywell

900120
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Helping You Control Your World
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