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[Abstract]

Avionics equipment requires various environmental conditions and performance during development, and as a countermeasure
against such development risk, the worst-case circuit analysis(WCCA) is applied to predict perform preliminary performance analysis.
WCCA calculates the maximum and minimum values by combining the parameter values of the relevant circuit after deriving the
parameter values in consideration of the aging of the temperature and operating period at the component level. In this paper, the
necessary matters for WCCA application are described. Chapter 2 describes the differences and characteristics of the WCCA techniques
EVA, RSS, and Monte Carlo.Chapter 3 introduces the analysis process through the example circuit to introduce the actual analysis
procedure. Chapter 4 describes the method of selecting an analysis technique for each condition of the analysis target. As a result of
applying the procedures and analysis methods introduced in this paper when open, it was confirmed that preliminary performance
analysis and part optimization design verification are possible.
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Table 1. Analysis method cross reference

Analysis
Method

IAdvantage

Disadvantage

Extrem ¢
Value
Analysis

B Easiest way to estimate
worst—case performance

mNo statistical input of

parameters of circuit]
components required fo
analysis

® The database only needs
to provide the fluctuation
parameters of the extreme
conditions.

® Calculating the most
conservative estimation
results under worst case

conditions

m |nsufficient information to
evaluate the risk in the event
of a circuit failure

B Provides more realistic

¥ Requires standard
deviation probability
distribution data for circuit

worst case performancecmnponents
analysis results for EVA ’
analysis ® Analysis under the
Root-Sum|®No knowledge ofassumptlon that . th?
s t eorobability density function sensitivity of circuit
4 u ar eprobabiiity density tunctio Scomponents is constant
Analysis, |of circuit Componems(sensitivity change not
required reflected)
® Provides a limit value fo . )
) | m Approximating the
Pass or Fail of the ana,lys'sperformance variability
result in percentage units ) .
analysis of a circuit to a
normal distribution
. )
®EVA and RSS analysig" COMPUter reaired for
. .. Janalysis
Provides more realistic
worst case performance .
_ . = CPU operation for
Monte Qarlanalyss results analysis takes a lot of time
o Analysis

® Provide additional
information applicable to
risk assessment

®Requires knowledge of
probability density functions
for circuit components
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Table 3. Components and Circuit Application

Part Identification and L
= Circuit Condition ripEiEEten

Environmental ® P/N : M55342E06BXXXBR
Component Type Parameter Affected [Parameter Affected ® Tolerance : 0.1%
Source of Variation Component " R1/R2/R3/R4 1 R1 1 KQ mR2 10 KQ
® Temperature ® Resistance BR3 1 KR ®R1:9.09 KR
B Humidity m Resistance ]
Resisior 1 Aging ¥ Resistance = U1 OP-AMP 1 P/N @ 5962-89677022A
ulife ® Resistance Ci i1
® Vacuum ® Resistance G ' ;tc Y 'a Input Condition " —0.1~-0 VDC Input
® Mechanical ® Resistance ondaition
® Temperature ® Capacitance, ESR
1 Aging m Capacitance, ESR _ )
Capacitor ® Mechanical » Capacitance BA A 28 B o] ulen|E| E 0] &8 Hlo|EHo]| A
m Electrical 1 \Voltage Coefficient =35 = — o ShE
2 Vacuum = Capacitance 3171 £ O]—Ojl 3201 A Resistor 2 OP Ampell 3] = &H-=o]
® Humidity ® Capacitance EH@]—OJ] FoF = 3 AL Sto] =3k} 1319 3
Bipolar/ "HFE , VBE , ICBO, o SR ?L“Elt“l 7t 3]322] Gain 3 Gain Error
Field Effect B Temperature RDSON . VTH .
Transistor : & (%) Offset 42 HSI&-& 3ttt ¢ 3|24 1% Gain
ifi —R3/R4 ©]™ 2¢F Gain2 [ HR2/R1) 2. % Gaine-10¢] F T}
Regtlflgr/ . B Temperature mVF, TS | IR, ]uj] G ( ) ] E]—
Switching Diode (2) ¥i7) W B4
Linear ICs B Temperature mVoltage , Current Offset Lk 1;}74] ];\1 Qi"] 055 %\g———],}_—_ “H7H t\ﬂizi\“oﬂ EH{;} 1;1]
® Temperature HAO = 99
Digital ICs Rise/Fall time » Propagation Delay °ole £4& Gl 3ol -8 M55342E A <[5]
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Table 4. Environmental Source of Variation Vs Resistance
Value Ratio Limit

Environmental

) o 1 Fents (1
Seien 6f Verkiien Resistance Value Ratio Limit (%)

® Resistance temperature coefficient : +

B Temperature 25ppm/ C

® Qualification (2000 hours @70C) : £0.5%

"Life ® Failure Level (10000 hours @70°C) : £2%

® Thermal shock

® +0.1% (Random)

1_
0l

Worst Case 24 & 0| 8%t &=

Low Temp Tolerance =+0.1+ /(£0.16)% +(£0.72)? (10)
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Table 6. Offset Voltage and Current of OP AMP

B Low temperature

. ® +£0.1%(Random)
operation

m Short time overload |® £0.1%(Random)

m High temperature

+0.1%
exposure ® £0.1%(Random)

® Moisture resistance |® £0.2%(Random)
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+0.2%
soldering heat » £0.2%(Random)
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B FR level in percent
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per 1000 hours " £0.01%
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Table 5. Environmental Source of Variation Vs Resistance
Value Ratio Limit (For Analysis)
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® Initial Tolerance (25C) n1+0.1%
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Table 7. Partial differential result for each gain

resistance
Component (Sensitivity %OeTiZtoigr?m Sl e
R1 ~0.0909/Q 8.76Q
R2 0.00909/Q 87.6Q
R3 ~0.099/Q 8.76Q
R4 0.011/Q 79.63Q
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G1(Min) 27194 Offset Voltagesi= 5=2](20)°l 2]l -
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Table 8. EVA analysis result

Condition Max Normal Min
Gain 103.34 100 96.66
Offset Voltage (mV) [69.74 - 65.63
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Table 9. Partial differential result for each gain

resistance
Component (Sensitivity %Zrﬂgffgﬁm SIECEe
R1 ~0.0909/Q 5Q
R2 0.00909/Q 509
R3 ~0.099/Q 5Q
R4 0.011/Q 45.45Q
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H}= +0.9530]th RSS9 36 BHAIZA (99.7%)5 48 & 7

- Worst case 4 a2 2(34)9F 44 (35)l oJste] -3t
t}
G(Max) =100+ 3(0.953) = 102-86 (33)
G(Min) =100—3(0.953) =97.14 (34)

EX

54 Qxfo] Jate]
= 7936 3 27 (99.7%) =

Gain 32 H-2 100 o F3Eo
97.14~102.86 Atolol| A W7

S Stk g gl og 24 WSS HATE] Hste
714 o7 F3E B4 2]3) Offset Voltageol gk

F7F 840l
Z @31t} 12} Gain 3] 2 Offset Voltage 2] RSS 14 A3}b=
2(35)9}F 2k

2=
T

(AVos) = V(1 +GLx Vos)? +(Rix Ios )> =5.55mV (35)

22} Gain 3] 2 Offset Voltage2] RSS
ek

4 A3k 4660 %

(AVos) = \/(1+G2>< Vos)? +(R2x Jos )?> =6.60mV (36)

12} Gain 3} 22} Gainol| 4] -3} Offset VoltageS %|-8-5}¢]
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A 3] 29 Offset VoltageS 151 4221(37)2 2tk

(Vos) = V(5.55mV*GL)? +(6.60mV )* =50.88mV  (37)

¥ 10. RSS &4 Zot

Table 10. RSS analysis result

Condition Max Normal Min

Gain 102.86 100 97.14
Offset Voltage (mV) 50.88 mV ~50.88 mV
Output (0.1V Input) [10.30 V 10.0 V 9.71V

RSS EX4Z23} 0.1 V 948 A] 9.71 V~10.30 V 8 ol &
A 3 FE-0] 99.7% o]t} Thek £ Avle] W} glo] 8t =

3-4 Monte Carlo 241 7|y
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Fig. 2. TCR and Tolerance Settings
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Simulation Settings - SIM

X

General Analysis  Configuration Files Options Data Collection | Probe Window

Ay e @® Monts Cala [ Encble PSpice A4 suppoitforlegacy

Time Domain (Transient) ~ O Warstcose/Sensiiviy  Output varsble: [ViVOLT)

Monte Catlo options

FP“E”S Number of s 5000

stfings Use disibuion Unfom Distibutions

| &8 vorst Case |

[Jparametric Sweep Fiandom rumber seed: [2 1. 327671

[ Temperature (Sweep) Save data from All % ns.

[Jsave Bias Point

[ClLoad Bias Point ‘Worst-case/Sensitivity options

[Jsave Check Points bt DEV and LOT

[JRestart simulation

Save data fiom each serstivly un
ME Load/Save, More Seltings...
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8 3. Monte CarlogAS 98t MY
Fig. 3. Setup for Monte Carlo analysis
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Enter a list of temperatures, separated by spaces,
For example, 0 27 125

[]Load Bias Point
[]Save Check Points
[Restart Simulation I
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Fig. 4. Setting temperature conditions for analysis
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Fig. 5. Monte Carlo analysis results
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Table 11. MCA analysis result

Condition Max Normal Min

MCA &4 Z 3} 10.29 V 10V 9.71V
Offset Voltage (mV) [50.88 mV |- ~50.88 mV
Output (0.1V Input) [10.34 V 10.0V 9.66 V
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