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Task 3.4

FY11 Advanced Mixed Signal and IlI-Vs- Radiation (Continuation)

Description: FY11 Plans:
This is a continuation focusing on evaluating new architectures, Evaluate mitigation approaches for single-event upset of SiGe HBT circuits. Continue to
devices, and scaled mixed signal technologies with emphasis on evaluate best-practice approaches to SEE hardening of SiGe HBTS for high-speed analog
. ) and digital circuits and verify using ion s and laser. Circuit-level RHBD approaches (e.g.,
commercial components and platforms that include: improved latch designs) are a main focus.

-Coordinate with Georgia Tech for scaled SiGe & RHBD (Marshall, P) | Evaluate SET phenomena in SiGe HBT high-speed analog circuits. Validate with microbeam

N B B and pulsed laser techniques. Develop 2-photon laser techniques for SiGe SEE studies.
-Jazz SiGe circuits (Berg, M) Evaluate of i for radi hardening of high-speed SiGe g-to-dig
-ADC/OpAmp testing (Chen, D) High-speed data converters are essential building blocks in all mixed-signal systems, and
N . historically have proven very sensitive to radiation exposure (TID and SEE).
-GaAs-based power devices (to be determined) (Marshall, P) SEU mitigation of a large scale circuit in 5AM to 9HP technology which is of interest to the NASA

Consider impact of simultaneous charge collection by multiple transistors. As well as circuits
sensitive to emitter follower SEE strikes.

The main goal of this task is to look at existing test methods and | Evaluate mixed-mode TCAD simulation using CFRDC tools to predict SEU frequency
determine if they are being conservative or accurate or if a dependence, and develop rate prediction techniques for the time domain.
. N . N Test and evaluate i and nodes for SiGe digital and mixed
better/alternate characterization method is possible. signal
Schedule: Deliverables:

-Documentation of test results which may include test reports

-Documentation of baseline (unhardened) technology performance in 3|

DA Vi) [ 2010 | 20 generations of SiGe HBT from multiple foundries including CMOS

T:;:‘gimﬁedi\zlgb;:rd‘t'H'VS IR0 BN DI MM BA DS -Documentation of improved SiGe HBT SEU/SET models showing
fidelity to laboratory test results

lon, proton, laser ‘95’_5"9 -Report indicating techniques applicable to RHBD for 5HP & 9HP SiGe|
Improved models:

= -Expected submissions to SEE Symposium, IEEE NSREC, and
SEU/ SET in HBT y .
RLBBIBMISHEROLRICTEHIS w FRES MR SICH s
NASA and Non-NASA Organizations/Procurements:

Beam procurements: TAMU, IUCF, UC Davis, REF
TBD NASA Flight Project Funds,

Subtask lead: Paul W. Marshall Partners: Georgia Tech, IBM, Jazz, Mayo, IHP, TI, NRL, National, LT
To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop, 2
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Outline
« Some Reminders on SiGe
* NASA-GSFC NEPP Task
* IBM SiGe 9HP Designs
« Beam Experiments
« SEE Mitigation Paths
* Mixed-Mode TCAD
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Goals

« Evaluate SEE mitigation techniques in
SiGe circuits, including high speed
analog ADCs, RHBD 5AM & 9HP SiGe
test circuits.

e Evaluate SET in high speed analog SiGe P
|

. NRL 2-photan setup
'Six 2.9 mm coaxial connectors.

HBT high-speed analog circuits.

e Evaluate mixed-mode TCAD simulation
using modeling tools to develop SEU
rate prediction techniques.

« Develop ADC test method & evaluate
advanced mixed signal devices
(including hardening effort for Tl SiGe
on SOl Op Amps)

h_;tom High-Speed Package

Standard and External N-Ring
8HP HBTs ready for 2-photon
laser testing.

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop,
Greenbelt, Maryland, June 28-30, 2011, and published on nepp.nasa.gov.

Work Plan

« Partners: Georgia Tech, IBM, Mayo, IHP, TI, NRL, National, LT
¢ Planned tests, DUTs & test reports:
e 1stQuarter (CR delays impacted beam time and grant awards)

« Surveyed known flight programs at GSFC for use of GaAs power devices with SEL
potential — none identified

e See Cressler’s presentation for additional inputs
e 2n Quarter (CR delays impacted beam time and grant awards)

* Tested SiGe Tl BICOM3 Voltage Regulator (D. Chen)

« See Cressler’s presentation to follow for additional inputs
»  3rd Quarter

e Perform initial beam tests on 9HP structures and circuits and other commercial
SiGe circuits test circuits (see Cressler’s presentation)

* Examine TCAD Mixed Mode simulations for BGR and other circuits
» 4t Quarter
« Perform additional beam tests on 9HP test circuits (see Cressler’s presentation)

* Examine TCAD Mixed Mode simulations for BGR and other circuits and begin
extensions to 9HP

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop,
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@/ Status and Technical Highlights

e Accomplishments
*  TPS7A4901 Low Dropout Voltage Regulator tested and report submitted (D. Chen)
« TIBiCOM3 SiGe process
« March 2011 Test on National CBC8 complementary bipolar SiGe platform (Georgia Tech)

« Newly released SiGe process with product out - LMH6517 Gigahertz Digital-Controlled Variable Gain
Amplifier
Charge pumps tested and data under analysis

« LBNL Beamtime for GT provided by DTRA/NEPP

« Initial designs completed in IBM 9HP: See Dr. Cressler’s presentation for additional details

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop,
Greenbelt, Maryland, June 28-30, 2011, and published on nepp.nasa.gov.

@ Strain Engineering in Silicon (Si)
—Strained Si CMOS —SiGe HBTs

—All Are:
—Strain-Enhanced
—Si-based Transistors

—Close Cousins!

R

_SiGe C-MODEETs / Ge MOSFETS ;

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop,
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@/ SiGe Success Story

* SiGe = SiGe HBT + Si CMOS for Highly Integrated Solutions
* Rapid Generational Evolution (full SiGe BiCMOS)
e Significant In-roads in High-speed Communications ICs
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Peak 1 (GHz)
—SiGe = llI-V Speed + Si Manufacturing
Win-Win!
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e NASA-NEPP Tasks

* Preliminary Look at IBM SiGe 9HP (TID + SEE)
- 90 nm, f; = 300 GHz, f,, = 350 GHz (+ CMOS)
- all the bells and whistles (mm-wave capable)
- GT is partnered with ITT for Early Access
- tapeout late fall 2010 (no PDK! - hardware back any time)
- fall 2011 tapeout (with PDK!)

® Push Our Understanding of SiGe for Space Apps
- reexamine SEE mechanisms
- continue to push hard for SEE mitigation approaches
- use mixed-mode TCAD to support our understanding
- after a comprehensive picture applicable to circuits/systems

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop, 10
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@ IBM 9HP Designs

» 16-bit Shift Registers

Georgia Tech
 Both standard master/slave and GFC registers
* To be tested at a heavy-ion broadbeam facility

= Must be packaged, bench tested first
= Will use BERT set-up on loan from NASA-GSFC

—GFC 16-bit Register —Standard 16-bit Register

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop,
Greenbelt, Maryland, June 28-30, 2011, and published on nepp.nasa.gov.
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e IBM 9HP Designs

» Single-Stage Differential Pair Georgia Tech

 Used to confirm bias points for flip-flops within shift
registers

« Stand-alone test structure to be bench tested at Georgia
Tech vee

Data Data

Bias

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop,
Greenbelt, Maryland, June 28-30, 2011, and published on nepp.nasa.gov.
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e IBM 9HP Designs

» Wide-tuning Range mm-Wave SiGe VCO Georgiech

* 73 GHz to 48 GHz (hopefully?!)

* Frequency tuning via bias of cross-coupled core

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop,
Greenbelt, Maryland, June 28-30, 2011, and published on nepp.nasa.gov.
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IBM 9HP Designs

Georgia Tech

» Various DC & AC Test Structures
 Standard SiGe HBTs
* Inverse-mode Cascode (IMC) SiGe HBTs (IMC SiGe HBTSs)

* Test AC performance on devices (f1, ... linearity, noise)

max?

* Enables high-speed transient testing for SET Analysis

* To be used in a microbeam/laser environment

—MANY Envisioned Downstream Experiments!

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop,
Greenbelt, Maryland, June 28-30, 2011, and published on nepp.nasa.gov.
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& ecam Experiments

Georgia Tech

» NRL’s Dual Photon Absorption Laser Facility (4/10)

* VCOs built in IHP’s complementary SiGe process

= S. Horst et al., “A Theory of Single-Event Transient Response in

Cross-Coupled Negative Resistance Oscillators,” TNS, 2010.
» Texas A&M Heavy-lon Broadbeam Cyclotron (7/10)
* National CBC-8 PLL Subcomponents (CPs, Dividers)
= Tentative publication in 2011 TNS

* SiGe 5AM Remote Electronics Unit (REU) — NASA ETDP

= | atch-up and SEE induced noise testing

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop, 15
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@ Beam Experiments

> LBNL 88” Cyclotron (3/11)

Georgia Tech

» National CBC8 PLL Charge Pumps / Dividers / PLL blocks
= Tentative publication in 2011 TNS
¢ Follow-on experiment planned for October 2011
» SNL Microprobe Facility
* New experiment planned for September 2011
= Single-stage latch tests / divider / PLL blocks
» NRL’s Two-Photon Absorption Laser Facility
» Experiment planned for May 2011

* Full PLL measurement to set the stage for broadbeam

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop, 16
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@ Inverse-Mode Cascode

Emitter 1 Collector 2
Base1 C-Tap

2k

* First circuit tests > SRs : ' N+ Subcoilecior
[ mplanted Collector [ poiy s Emitlar

. . N+ Subcollector Diffusion nt:
- included cap loading on C-Tap %PSiﬁeEpi,Base i

» RHBD Potential

Base 2

* Early device-tests promising

—

* modest improvement in SEU
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@ IMC - Next Steps

Georgia Tech

» Use Mixed-Mode Simulations to Validate Measurements

» Capacitively loading C-Tap terminal has not been verified

* Re-analyzing the driving mechanisms for transient events
= Compare the shunting effect to nominal HBT simulations
= What dominates the generation of IMC SET?

* Will SOI platforms provide any improvement to the IMC?
» Investigate Alternative Topologies Encompassing IMC

e Low-voltage latch designs
» Gated-feedback cell designs
e others in process

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop, 18
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@ SEU: TCAD to Circuits

—“TCAD lon —New RHBD SiGe @errai
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e

Georgia Tech

TCAD is Vital
In This Process!
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@ SET TCAD Modeling

« Approaches to simulating circuit SET: Georglaech
1. Inject analytical double-exponential transient
2. Inject computed 3-D TCAD transients (need correct bias)
3. Full mixed-mode simulation (3-D TCAD within Spectre)

* Under what conditions will these TCAD paths diverge?

- Spectre-only simulations are faster, but will not always
accurately capture SET

- Full mixed-mode can capture feedback effects
- Depends on temp., bias, circuit topology, analog vs. RF...

— Key: Need to validate simulations against measured data

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop,

Greenbelt, Maryland, June 28-30, 2011, and published on nepp.nasa.gov. e

e SET in a SiGe BGR

* Transient response depends on the location of the strikeGeergiaTech
* Transients on Q2 in the PTAT branch show worst-case response

B0 |- 36 MeV "O-Microbeam
Strike Occurs ot Time=0

Vout (mV)

¥ lamj

8 E B & & - 3 4 efF

Voltage Reference

VERY Complex Problem!

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop, 22
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@ True Mixed-Mode SET

Georgia Tech

* CFDRC MixCad (Spectre + 3-D NanoTCAD) used to simulate SET
» SiGe HBT response in BGR not equal to standalone SiGe HBT

. long output transient (as measured!)
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— |B
2+ i i
E
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= &
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S g
o 4L s
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@ Mixed-Mode vs. Spectre

» Schematic modified to emulate measurement setup o= ™"
* SET modeled with Spectre current-injection (at bias)
- comparable to mixed-mode due to specific BGR SET mechanism
— accuracy will depend on circuit topology and bias conditions

—Outputs within circuit —OQutputs at oscilloscope
20 T v - 300 - T 1
gGR I"U‘Pui »— Method #1 (Double exp.)
I r egulator cutput
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@ BGR SET Mechanism

Georgia Tech

* Mixed-mode results expose underlying SET mechanism
- Sensitive to Q2 base transient, not collector current transient!
- Q2 base transient induces initial rise in output voltage
- Feedback mechanism triggered, causing double peak at output

Output Branch Currents Key Voltage Transients
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\ e r‘-\/ = et o Loty
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g Y /:-"— st g o4r  _Forced into | (l f
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e Mixed-Mode SEU

Georgia Tech

* Next step: Apply mixed-mode to other SiGe circuits

- Digital latches: Standard M-S, GFC, Dual-interleaved
- RF building blocks (e.g. VCO, frequency-divider, LNA, etc.)

SiGe M/S Latch Effect of feedback on
device-level transients

Dashed -- Mixed-Mode ——|_
Solid --TCAD

—1

Terminal Current (mA)

] lon strike to "off” transistor in
differential pair of a SiGe M-S latch

1w 10" 10" 10" 10"

Time (s)
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@& Mixed-Mode TCAD Goals

Georgia Tech

* Objectives:
1. Evaluate accuracy of SEU modeling approaches for all circuits
2. ldentify SEE mechanisms in each circuit from simulation results
3. Benchmark simulations with measured SiGe circuit data

Guiding Theme:

Establish broad guidelines for circuit designers on
best-practices for SET modeling that address:

e Circuit types and topologies

e Technology nodes

* Device geometries

e Environmental conditions (e.g., TID, temperature)

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop, 27
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@ Plans for Rest of FY11

e Technical plans
— Radiation Tests (pending beam availability at TAMU, LBNL , SNL microbeam, and NRL 2-
photon laser)
« See additional details in Dr. Cressler’s presentation
In discussions with Jazz regarding 180 nm based ADC analog testing (M. Berg)

— Models:

» Evaluate mixed-mode TCAD simulation using CFRDC tools (MIXCAD) to predict SEU
frequency dependence, and develop rate prediction techniques for the time domain -
continuation.

« Evaluate technical approaches for modeling 9HP platform

» Deliverable plans
— TIADC & TI TPS7A4901 Voltage regulator Test Reports (9/11)
— Multiple paper submissions to NSREC 2011, 7 TNS Dec. 2009 papers, 1 RADECS 2010
Proceeding and TNS submission
— Presentation submissions accompanied all papers listed above.

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop, 28
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@I Acronym Definitions

* AC = alternating current

* ADC = analog-to-digital converter

 BERT = bit error rate test(er)

* BGR =band gap reference

* DC =direct current

* DUT =device under test

* GFC = gated feedback control

* IC =integrated circuit

* |UCF = Indiana University Cyclotron Facility
* LBNL =Lawrence Berkeley National Laboratory
* LET =linear energy transfer

LT =Linear Technology Corp.

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop,
Greenbelt, Maryland, June 28-30, 2011, and published on nepp.nasa.gov. 29

@ Acronym Definitions

« MODFET = modulation-doped field effect transistor

+ MOSFET = metal oxide semiconductor field effect
transistor

* NRL = Naval Research Laboratory

* NSREC = Nuclear and Space Radiation Effects Conf.
* PDK = process design Kit

* PLL =phase locked loop

* PTAT = proportional to absolute temperature

* RADECS = (European Conf. on) Radiation Effects on
Components and Systems

* REF = (GSFC) radiation effects facility
* RHBD =radiation hardened by design
* SEE = single-event effects

To be presented by Paul Marshall at the NASA Electronic Parts and Packaging (NEPP) Program Electronic Technology Workshop,
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@I Acronym Definitions

* SEL =single-event latchup

* SET = single-event transient

* SEU =single-event upset

* SiGe HBT = silicon germanium heterojunction
bipolar transistor

* SNL = Sandia National Laboratories

* SOl =silicon-on-insulator

* TAMU = Texas A&M University

 TCAD =technology computer-aided design

* Tl =Texas Instruments

* TID =total ionizing dose

* TNS = (IEEE) Transactions on Nuclear Science

* VCO =voltage-controlled oscillator
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