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. Proper modeling of device behavior stk Lo from SLiCAP import v "
2. Symbolic analysis < ZV,;'UFJ"B} . out prj = initProject('myProject"') Vz Vs —i’bR ohEr =
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3. Derlve dGSlgn equatlonS that relate noise=0 F;e”} makeNet-l.iSt( 'dCBehaViOF. SChI , 'dCBehaViOF' ) “éXI VB 0 bRs U]bAA( 5 o v + v 5)
circuit behavior to component - il.setCircuit('dcBehavior.cir') V°X1 AV —T, (R— RA,) — I, AR v 5 Tvo 9
properties —1 ‘ il.setSource('V1") » Iovult = ’ 1 v v + %2(3 1;11, s R+ A, Ry)
4 Find ta rget Values for Component ;sgli)ggsgggcvar 12 4 COMMON ;i&]aiz{{l(:{F{*’(*(AA_j\;—‘l1)})*de|tafR)"2} 11 . SetDeteCtOF( 'Viout : ) ]RQ % _ IbI%Rs + AU VB O-V 5
' . . . e e il.setSimType('symbolic') I R v + R20R (A, — 1) (I, + & — 2offe)
properties by solving these equations | «seam T ot ) il.setGainType('vi') Tipix; Iy 2 52 2 (Vg IfRs 2 Rg
5. Find components from libraries with e S E e v il.setDataType('dcvar') Foxa 0 +R G (A =D (F = ) V)
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Benefits : I
d bv desi N O ™\ 4 Noise spectrum at the detector with/without CDS
Guaranteed by design PSD pulse position detection system Design Task Determine show-stopper values for S, and S; such 10 i SRR RERE SRR HERE IEREREREE:
. design of noise behavior that the total differential RMS output noise over . o
- Speed up design process: a bandwidth of 450kHz, after CDS with 7 = 5us, 107 ¢ ——CDS
- Find domipant de_sign parameters is less than 504V, ~ -
and their interactions at an early A1 Parameter definitions \_ J L 106k 4
stage of the design pparam C_i = 37.5p R_PSD = 64k C_s=20p B
- Improve design quality: N outP N ] ) 3 107 F i
- Structured design approach with A2 Parameter definitions El Ii Bl S 5
stepwise increasing level of complexity param T_A=323 K_B=1.386-23 {C_i} syms 'F' 'S v' 'S i'; 108k |
- Facilitate symbolic analysis tasks that B B sv=({S v} F min =1 # Minimum frequency
are cumbersome, error-sensitive and o F_max = 450e3 # maximum frequency .
i + i vn = 50e-6 # RMS diff output noise after CDS 10° 5 — -
often omltted. . . — Si={S_i} & O - te 6 DS del ) 102 103 10% 105 106
- Performance fixed with dominant C1 s Rt # s
physical mechanisms {0.5°C_s} il.setCircuit('PSDnoiseDesign') frequency [Hz]
- 1 47 %1.setSinl1Type( ' nume ric') RMS detector noise with CDS versus C_
F t N N_noise—slicap il.setGainType('vi") 54 -
eatures . il.setDataType('noise")
Design and design documentation ’ R1 il.setDetector(['V_outN', 'V_outP']) 3
value=0 l D {R_PSD} onoise = il.execute().onoise
- Accepts SPICE-like netlists: dc=0 rmsSv = doCDSint(onoise.subs(S i, 0), tau, F min, F max) 22 ¢
Ceep L ' dovar=0 k BT AR PSDr | N oUtN Sv_max = sp.N(solve(rmsSi - vn, sp.Symbol('S v'), 4)[0] — 51 |
- including sub circuits and models MBS A U 2T FLFEID) Hl Ii rmsSi = doCDSint(onoise.subs(S v, 0), tau, F min, F_max) 2
- Symbol libraries available for: {C. i) Si max = sp.N(solve(rmsSi - vn, sp.Symbol('S i')), 4)[0] 0 50 F
- gschem Sv=(S_v} print('Sv_max =', Sv_max, ' V~2/Hz')) -z
: v~ i 'Si max =', Si max, ' A"2/Hz' Z 49 r
- LTSpice o print('Si , Si_max, /Hz'))
- Pulsonix + S i i \_ J % 48 |
- Built-in EKV model for MOS transistors —Tc3 RIS O -
, , . 47
and GP model for bipolar transistors: {0.5°C_s} Result Select opAmp with onoise-CDS
- Small-signal parameters determined by <~ >N<2noise Slica47 46
process parameters, device geometry - P Sv max = 1.03e-16 V"2/Hz S v =26 nV/rtHz 45 . . . ,
and operating conditions Si_max = 1.82e-25 A"2/Hz S.i=25 fA/rtHz 0 50 100 150 200
- Any of these parameters can be \ J CS [pF]

varied (stepped) during analysis

) B;"Z_In small-signal models for: PSD pulse position detection system SLICAP results Select operational amplifier
- viode design of dynamic behavior
: : ] I L * file: AD8610.1ib SLiCAP model for AD8610
- 4-terminal vertical BJT and lateral BJT
_ differential-pair BJT ) ) o Design dynamic behavior rodel ADSG10 OV
=+ —
- 4-terminal MOST + OpAmp This page gives the design equations for the high-pass and the low-pass cut-off. + E(Cj _ ézp
. . . - 2T =
- differential-pair MOST . - + av = {300k*(1-s/2/PI/120M)/(1+s*300k/2/PI1/25M)/(1+s/2/P1/120M)}
- Voltage-feedback Operational Amplifier High-pass cut-off L + z0 = 20 )
) Cur.rent'fe.edbaCk Operatlc?nal Amplifier N A high-pass cut-off frequency at 1Hz requires:
- Design-oriented analysis: 4 A+ dsdoa0 0 Transfers PSD circuit
- Symbolic and numerical derivation + ; 250 ' ' ' ' '
and solution of design equations | | out Low-pass cut-off 200 A= A —L =t 4
- Many topic-specific functions for | I1 + {%1 ) 150 / JooI-L T I—L |
extracting useful design information from va 32:8 l@ RR1 PSD :E c2 If all poles and zeros are dominant, a low-pass cut-off at 4.5e+05Hz requires: 0
complex expressions devar=0 et 1e Helbi " 2 100} | —— ASYMPTOTIC
. . _ noise=0 GB =12.72R, ((1.0-10") ¢4 + 1.0) (2) 9 — LOOPGAIN
- Combine results of different analysis: S 50t 1 — servo
- Find show-stopper values and target values % N If the influence of a nonzero R, on the dynamic behavior can be ignored, we need: *é ol / ~ | g)l:jﬁCT
for design parameters from different Al Paramater definitions GB = (1.2-10%) ¢; + 5.7+ 10° 3) 0 — \
performance aspects (noise, bandwidth, ... ) -50 | 7
- Concurrent design and documentation: | ‘ParamR_PSD=65k C_PSD=20p C_i=37.5p T -100 | e
- One-click generation and update of PN — GOty maI jndex | findServoBandwidth(L.rational)
html-based documentation odel detinition SLIiCAP: Symbolic Linear Circuit Analysis Program, Version 0.2 © 2016 Anton Montagne '1520_2 100 Servo high -pass cut-off at: 1.7e-01 Hz, order: -1
- Include CSV tables, text files, images, .model opAmp OV av={A_0/(1+s*tau_1)} zo={R_o} cd={c_d} For documentation, examples, support, updates and courses please visit: analog-electronics.eu frequency [Hz] \Se rvo low-pass cut-off at: 1.4e+01 MHz, order: 1
MATLAB figures, beautifully typeset \ J
expressions and equations - N N ~
- Easy to use: Vamp_0 Vamp 1 Vamp 2
- Comprehensible and compact instructions CMOS amplifier with compl. parl. class AB output stage CMOS amplifier with split-signal compl. parl. class AB output stage CMOS amplifier with complete signal path
THS I
Capabilities | | Wy [
N ,_1 {L, D A3 ,_1 {L, > - %‘ CMOS18ND = R B UG R4
. . . . s 7 s X7 —— ID={l_P} ¢
Linear(ized) Circuits o Loomo e T Sosimo = e | 4 e e, e CarTied R |8
Y ID=200n W=55u JBd ot 4+ Vi ID=200n < ew; > W535u Be dc=0 L-180n  GmOS{sP CMOS18N CMOS18P
| | L R Beo IRE el Tms, DR = A BT
- Symbolic and numerical L0 ﬁ‘ > 4. | I e . [180n L=180n e o ; 2
L=180n 0 I €
DC variance analysis: , iC.on - AN o tl L o 7
X8 . L— x8 3 — =
- Find requirements for standard vos I e I . i@ | » L v W I
W=3u =180n
deviation of offset and bias sources ‘ L=i&0n R J QUISY | i
_ R 2y [ e | v BB SRR
and of resistor tolerances o) B o = y e G L-1u L-1u
- Symbolic and numerical noise analysis: e G —
_ F|nd requ”-ements for nOISE sources Of A1 Parameter definitions A1 Parameter definitions A1 Parameter definitions
operat|ona| amphﬁers and dev|ce .param R_s=1M R_a=9M R_b=1M R_c=1k C_ell=100p C_c=700f |_P={37n+|_source} |_N={37n+I_sink} |_source=0 |_sink=0 .param R_s=1M R_a=9M R_b=1M R_c=1k C_ell=100p C_c=700f |_P={37n+|_source} |_N={37n+I_sink} |_source=0 |_sink=0 .param R_s=1M R_a=9M R_b=1M R_c=1k C_ell=100p C_c=700f |_P={37n+|_source} |_N={37n+|_sink} |_source=0 |_sink=0
geometry and operating conditions of - o\ L /
MOS and bipolar transistors e N / \
- Correlated double sampling as well as .subckt CMOS18N drain gate source bulk W={W} L={L} ID={ID} : : : .
Spectral no|se |ntegrat|on can be Included I‘.’I:]OggilgMgg’igNs;urce bulk CMOS18N Vamp2 dB magnitude plOtS CL=10p COmblne mUItlple I’OO“OCUS pIOtS |n One plOt
Svmboli d ical vsis of - MOS EKV model 20 . R - Select any circuit variable as root-locus variable
- MpDOIlIC and numerical analysis O + go _ {15/ . . . ]
>y L y PR icow in SLICAP library - Separate pole and zero analysis can show non-
linear dynamic circuits: +ob = {(N-1)*gm} , : .
S . . . paran . Or ] observable poles and hidden instability
- Symbolic and numerical solution of the LTOX = 4.n ; oxide thickness (m] m k j
complete network, of an individual branch Iﬁ;? Z 2506n | %Eﬁkii’ligi’i%ﬁﬂge{oom temperature W]] S
+ Theta = 0.28 ; Vertica ield mobility reduction factor VA-1 - - — _
voltage or current or of a transfer function + ECRIT = .6 Critical velocity saturation field 1 3 =0
- Pole-zero analysis with/without PZ cancellation L DBy veiee o i oF didue, el DVl 2 _2832 z'o”u'jce Vamp, dominant poles C =10p
- Find design equations for filter components g et o 40T 15 - - - - :
. . + IC = {ID*L/W7170§ B : Inversion coefficient [-1 ©
- Plot Pz, frequency and time-domain responses + IC_CRIT = {1/(8*(N*U_T)~2*(Theta+1/L/E_CRIT))} e
+g.m = {ID/(N*U T*sqrt(IC*(1+IC/IC CRIT)+0.5*sqrt(IC*(1+IC/IC CRIT))+1))} B PrO er fre uency com ensation Strate makes i
“ends -60 P q y p gy
from (Inverse) Laplace Transform ’ / dominant behavior insensitive to operating conditions +.
- Symbolic and numerical analysis of feedback 10 r I
circuits with the asymptotic-gain model: . '80103 — 104 — 105 — 106 — 107 Lof
- Select any controlled source as loop gain reference
- Derive dei,ign equations from expré)sgions for: SRIFEGE mee el KRrd.e tild IvElslo frequency [Hz] > T |
A toti . ' coefficient from weak inversion to strong E
) Lsymp otic-gain inversion with velocity saturation. s )-%
- LOOp gain Combine: —
. ' , , o 0
- Servo function - Large-signal static nonlinear behavior Combine results from different runs and 2 X
- Direct transfer - Small-signal dynamic behavior from different circuits in one plot =
- Gain Poles are function of sink / source current s | |
- Find requirements for DC gain and GB product
of operational amplifiers .v . .
. : : Vamp dB magnitude plots |, =50uA sink C, =10
- Find requirements for number of transistor stages / \ 20 _ P , 'g' e p - -'-'--. e L p - 10 | i |
in amplifiers and for their operating conditions makeNetlist('MOSamp_2.sch', 'Vamp_2") 4+ °
- Investigate stability region with symbolic Routh Array }i.seEC1rcu1t$VI‘1I(l)Samp2 .cir’) 10 | i
- Find asymptotic servo bandwith and asymptotic value 11'2;323;2?&( 'V)out r = 15 . . . ! !
of mid-band loop gain or DC loop gain .1' teimT 10 e ] oS 0r i L . -30 -25 -20 -15 -10 -5 0
Pol lvsi ith/without PZ lati l .Se Slm ype numgrlc . Dominant behav_lor fixed Vamp Real [MHz] #107
- Po e-zer_o analysis with/withou . cancellation il.setgainType('gain') 3 ol during early design stage | Vamp
- Determine frequency compensation strategy il.setdataType('poles') s 1 . B
; ; . ] . c Vamp source Poles:l e = 0.0e4+00
and implementation il.setstepVar('I_source') > 50k . i Poles:| source = 5.0€-05
- Make Nyquist plot of loop gain il.setstepStart(0) £ e po|eS.|Source _ O-Oe- 00 .. 5.0e-05
- Plot root-locus for any root-locus parameter il.setstepStop('50u’) 301 S0urce FoleS source = DHEFDL o.0€-
- Plot PZ pattern, magnitude, phase, delay, impulse il.setstepNum(5) L X sink Poles:ln = 0.0e+00
or step response from (Inverse) Laplace Transform L - SRS EERIUEOE L LA ) -40 TR S Y R S Y S S S + sink Polesilync = 5.0e-05
il.stepOn() 103 104 105 106 107 108 . sink Poles:l ., = 0.0e+00 .. 5.0e-05
h | amp2sourcelOp = il.execute() frequency [Hz]
Tec no 09y amp2sourcel@Op.gainType = 'source'
Python + Maxima + Internet il.setstepVar('I sink"')
- Optional: amp2sinklOp = il.execute()
' amp2sink10p.gainType = 'sink'
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