MAKROMODELLER

* Makromodeller, herhangi bir elemanin veya
devrenin lineer ve lineer olmama
ozelliklerini aslina olabildigince uygun
modellemek tizere, lineer elemanlar,
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diyot, tranzistor gibi lineer olmayan
clemanlarla olusturulan esdeger devreler.



Makromodellerin amaci:

* Cok tranzistorlu yapilarda benzetim siiresini
kisaltmak

* Genis Olcekli yapilarin benzetiminde
numerik analiz problemlerinin giderilmesi

o Aktif elemanlarin 1dealsizlik analizi
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grup altlnd toplanabilirler:

1. Lineer olmayan kontrollu kaynaklar iceren modeller

Bu tiir modellerde, lineer olmama 6zelligini temsil eden
analitik fonksiyonlar kullanilir.

2. Yariiletken diyot iceren modeller

Bu tiir modellerde, lineer olmamayi temsil etmek tizere
yariiletken diyotlarin tistel akim-gerilim iliskisinden
yararlanilmaktadir.

3. Yariiletken tranzistor ve diyot kullanan modeller

Lineer olmamanin hem tranzistor, hem de diyot
elemanlarimin kullanilmasiyla temsil edildigi modeller bu
gruba girmektedir.



Ornek 1: islemsel kuvvetlendirici
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Islemsel Kuvvetlendirici Yap1 Ornegi



Ornek 1: islemsel kuvvetlendirici
makromodelleri
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» Tranzistorlar, yaruletken diyotlar, bagimli ve bagimsiz
kaynaklar ve lineer elemanlar kullanilarak kurulan 1slemsel
kuvvetlendirict makromodeli (Boyle 1974)



 yapida ¢ok fazla sayida yer alan fiziksel
gercek elemanlar yerine basit 1deal
clemanlar

 Basit bir diferensiyel giris kati1 yardimiyla
lineer olmayan giris karakteristiginin
modellenmesi.



T1-T2 tranzistorlar1 ve bunlarla 1ligkili diger
elemanlar 1le yapinin fark ve ortak isaret
davranisi.

CE kondansatoru yiikselme egimi,

C1 kondansatoru faz yaniti

Ara kattaki Gem , Ga, R2 , RO2 elemanlari
Fark ve ortak 1saret kazanclari



» (Cikis katinda D1 , D2 , RC elemanlari
yapinin kisadevre akiminin maksimum
degert,

D3 ,VC ve D4 ,VE elemanlan cikis
geriliminin maksimum degerini ve kirpilma
sinirlari



* Yapinin ¢ikis kat1 devreye tam anlamiyla
benzemeyen, ancak devre ozelliklerini
saglayan bir topoloj1 kullanilarak
kurulmustur.

 Tum makromodeller, bir timdevre benzetim
programi ile birlikte kullanilacaklari
diistincesi 1le tasarlanirlar.
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Giris kat1 p kanall1 JFET lerle kurulmus olan islemsel
kuvvetlendiriciler i¢in gelistirilen makromodel (LF351 ).
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« @Giris kat1 pnp tranzistorlarla kurulmus olan islemsel kuvvetlendiriciler
i¢in gelistirilen makromodel (LM324) .



+VCC
e

' ro2 | dip din
% + 9 +b + 3 P .
rcl c1 erc2 dp &=y G Y fb
+ I “egnd - T
1 @1 @2 r2 . 7+ P 3
2 s

: o 5 H hlim vip i
el re2 TCee Sree !’ oh / vliim
: gcm 6
i ‘ G

g —
-VEE g 4]

» (iris kat1 npn tranzistorlarla kurulmus olan 1slemsel kuvvetlendiriciler
i¢in gelistirilen makromodel (LM301A ).
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* Yaruletken diyotlar, bagimli ve bagimsiz kaynaklar ve
lineer elemanlar kullanilarak kurulan islemsel
kuvvetlendirici makromodeli (Peic, 1991).



Birinci ara katta V1-D1 ve V2-D2 gerilim
sinirlama devreleri

Birinci hiicrede C1 ve R1 elemanlari
yapinin transfer fonksiyonunun baskin
olmayan 1kinci kutbu

ikinci ara hiicrede G2.V4 kontrollu kaynagi
C2 kondansatoru tizerindeki gerilimin
ylikselme hizi

[kinci kazanc katinda R2 ve C2 elemanlari
kuvvetlendiricinin transfer fonksiyonunun f,

baskin kutbu



Model Parametrelerinin belirlenmesi

C,=1/2m-R"f, (4)
C,=1/27-R-f, (5)
G,=G,=yHy, /R (6)
C, SR* SR*
= - (7)
G, 20 fi-vHyq
C, SR~ SR~
i G, N 27 fi*vHyy (5)
V=Y (9)
Va=Vomu- (10)

Burada diyotlar ideal alinmastir.



Gey = "

lg, = Ig + 1,p.

* Gergek diyot model1 kullanilirsa, diyot
doyma akimi
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Ornek 2: Gecis iletkenligi kuvvetlendiricisi
(OTA) makromodeli (Kuntman 1994)

» Islemsel kuvvetlendiricilerden daha genis
bandli olmalar1 ve egimlerinin kontrol
edilebilir olmasi nedeniyle OTA'lar da
gittikce yayginlasarak kullanim alani
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CMOS teknolojisi i1le kolayca
tumlestirilebilme

OTA-C aktif suzgecleri

Cok sayida OTA 1¢eren aktif stizgeclerin
benzetim siirelerinin kisaltilmasi

Genis olcekli devrelerde niimerik sorunlarin,
iraksama sorunlarinin giderilmesi
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Simetrik BJT OTA Yapisi



+V)1 3 +V), ——c
5 oL
| A
T, | L T
1 sdl l Vss
® °

* Simetrik CMOS-OTA yapisi



Temel tanim bagintilari

Gn = BfKy.1a.(W/ L),

I Omaks —
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* Simetrik CMOS OTA 1¢cin makromodel.



- I ¢ b |

Model Parametrelerinin Belirlenmesi
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Model Parametrelerinin Belirlenmesi
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Model parametreleri, IA = 100 pA

N
¢

eleman deger eleman deger

BV 59E-3V (] 06018 pF
% 10.7V RES 42 kQ

Ve, 13.11V R& 31 kQ

Ve 1.46V 05 0.15pF

Wik 1.673V R 2.2 kQ

Ry 12.0E+12Q2 Rg 2.2kQ

R, 12.0E+12Q2 sy 2.72E-4 A/V
C, 0.028pF g 3.04E-4 A/V
C, 0.028pF . 2.42E-4 A/V
C, 0.153pF G 2.2E-5 A/V
R, 12.626 kQ2 Ko 1E-3

G 0.338pF

4.132 kQ

»~
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e Simetrik CMOS OTA i¢in VO-(VP - VN) gecis
egrisi



4.00E-004 -

3.00E-004

2.00E—-004 -+

OO 4=

0 -UBE~L000; 5

A {ojap= ik, o

MPER)

<
S =2.00E5004

—3.00E—-004 ~
1 e F=Enr \
—>-00E=00471 _ cpice LEvEL 2 MODEL
- —— MAKROMQODEL
—6.00E—-004 T T T .
—2.00 = 1000 0.00 1.00 2.00

Vin(VOLT)
« Simetrik CMOS OTA i¢in IO-(VP - VN) gecis egrisi



2—.
e B e g e ————————
10 iy
8-
&
n
4
~— )
>
o7 e
s ———= SPIGE IEVEL™28m cdel)
O - —— — Makromodel
A
1 o
B—
74
6—
54
4—
3—
z T

T llllllll T T llllllll T llllllll T llllllll T llllllll
e, 0. 1048 10 ° 04 lion2 10 °®
frekans (Hz)

* Simetrik CMOS OTA’da Gm gegis iletkenliginin frekansa bagimliligi
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e Simetrik CMOS OTA’da KV gerilim kazancinin
frekansa bagimlilig:.
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» Ikinci dereceden alcak geciren OTA-C aktif siizgec
devresi.



1.041 mA/V

[1k hiicrenin deger katsayist QP1 = 1.307,
ikinci hiicrenin deger katsayis1t QP2 = 0.541
kose frekanst P = 2.34 x 106 rad/sn
normalize gecis fonsiyonu

1
(s*+0,765s+1).(s*+1,848s+1)

H(s) =
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* Dordiinct dereceden algak geciren OTA-C aktif stizgecinin
DC gerilim gec¢is egrisi.
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Benzetim Suresi Kisalma Carpani

T(makromodel) =K * T(eleman modeli)
« DC Analizz K =0.35
« AC Analizz. K =0.644

» Zaman Bolges1 Analizi (Transient):
K=0.252



Ornek 3: Akim tasiyict makromodeli
(Tarmm, Yenen, Kuntman 1996, 1998)

X CCX+ z <o V5

* Akim Tasiyict Devre Sembolu (X=I, II, III)



Ornek 3: Akim tasiyict makromodeli

» CCII, asagida verilen bagintilarla
tanimlanan li¢ uclu bir devredir:



» Ideal bir akim tastyicida, giris ve cikis
empedanslar1 sonsuz, band genisligi
sonsuz, X ucundan i¢eriye dogru
bakildiginda goriilen empedans sifirdir.

» Ug biiyiikliiklerinin sinirlar

I
VX min

V

< iX (t) < IXmaks
<V, () <V

X min
Xmaks

Z min < VZ (t) < VZmaks
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Ideal Olmama, Kiiciik Isaret Esdeger
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» Akim Tasiyic1 Makromodeli
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CpLpR,;
H(s) = H(0) — et
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Makromodel bagintilari
RE = Rr//Rx,

Rx buytkliigii X ucuna disaridan baglanan direng



Table III. Macromodel parameters

Parameter Value Parameter Value
Iy 1E12 Q k, —9
Cy 0-0489 pF k5 — 045
Fx1 327 Q I, 2E-14 A
Iy 400 Q I 10E-14 A
Cp 01 pF Iy 2E-14 A
Ly 31-2 nH Iy 10E-14 A
Rp 26 kQ2 Iqs 2E-14 A
Ay 1 I 2E-14 A
ki I A | *
ki, | Vorr —63mV
ry 805 kQ C, 0-16 pF
R 833 Q Ve, 245V
Ve 35V R;> 1750 Q
Ry 1 Q Vi, 09V
Vi 05V — —
R¢> 640 Q - -

*For inverting current convevor 4; = — 1.



Table V. Equations to calculate the

macromodel parameters
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Ry = 5k, R, = 00 i¢in eleman modeli ve makromodel yardimiyla elde
edilen Vy-Vy ve V-V, degisimleri.
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X ucundan igeriye ve disartya dogru akitilan akimin sinirlar;, Ry = 0.
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X ucundan gortiilen Z,, empedansinin frekansla degisimi i¢in
makromodel ve eleman modeli yardimiyla elde edilen simiilasyon
sonugclari.
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Z ucundan goriilen Z, empedansinin frekansla degisimi i¢cin
makromodel ve eleman modeli yardimiyla elde edilen simiilasyon
sonuglari.



20 .Uy

tolcr- Vz/Vy

e TROLERS
ED & =) =) =) =]
=
Z—10.0 - Va/Vy
=
@—Z0.0 .
Z

n sessos [leman modeli
<—30.0 4 " ———= makromodel
=9

_40_O I T TTTTT I T TTTTT I T TTTTT I T TTTTT

ol @2 Jars ke hre
Frekans (Hz)

vx/vy ve vz/vy gerilim transfer oranlarinin frekansla degisimi i¢in
makromodel ve eleman modeli yardimiyla elde edilen simiilasyon
sonugclari.
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* Sinus yaniti, Giris 1saretit Vp = 1V, = 100kHz



Yiikselme egimi nedeniyle ¢ikis
1saretinde ortaya ¢ikan bozulma

 THD = %3,4 (Eleman modeli ile)
 THD = %2,8 (Makromodel ile)



Benzetim Suresi Kisalma Carpani

T(makromodel) =K * T(eleman model1)
* AC Analiz:
K =0.093

« Zaman Bolges1 Analizi (Transient):
« K=0.188



Kaynaklar:

 H. Kuntman, Modified Ebers-Moll model,
Electronics Letters, Vol.18, No.7, pp.293-
294,1982.

 H. Kuntman: Application of modified Ebers-Moll
model to nonlinear distortion analysis of transistor

amplifiers, Electronics Letters, Vol.19, No.4,
pp.126-127,1983.

 H. Kuntman: New Method for modelling high-
injection effects in bipolar transistors, Bulletin of
The Technical University of Istanbul,

Vol.37,No.1,pp.73-79, 1984.



H. Kuntman, H. Celik: A nonlinear analysis and
simulation program for bipolar transistor circuits,
Bulletin of The Technical University of Istanbul,
Vol.39, No.I, pp.89-107, 1986.

H. Kuntman: Novel modification on SPICE BJT
model to obtain extended accuracy, IEE Proc. Pt-
G, Vol.138, pp.673-678,1991.

H. Kuntman and S. Ozcan: Minimisation of total
harmonic distortion in active-loded differential
BJT amplifiers, Electronics Letters,Vol.27,
pp.2381-2383, 1991.

H. Kuntman: On the harmonic distortion
coefficients of active-loaded BJT amplifiers,
International Journal of Electronics,

Vol.72,pp.459-465,1992



H. Kuntman, S. Ozcan: Extraction of SPICE BJT model
dynamic parameters from dc measurement data,
International Journal of Electronics, Vol.74,

No.4,pp.541-551,1992.

E.I.Tekdemir, H. Kuntman: Implementation of a novel
BJT model into the SPICE simulation program to obtain
extended accuracy, International Journal of Electronics,
Vol.75, NO.6, pp.1185-1199, 1993.

H. Kuntman: Improved representation of channel-length
modulation 1n junction field-effect transistors,
International Journal of Electronics, Vol.75, No.1,pp.57-
64, 1993.

H. Kuntman: Simple and accurate nonlinear OTA
macromodel for sitmulation of CMOS OTA-C active
filters, International Journal of Electronics, Vol.77,
No.6, pp.993-1006, 1994.



N. Tarim, B. Yenen, H. Kuntman: Simple and accurate
nonlinear current conveyor macromodel for simulation
of active filters using CClIs, International Journal of
Circuit Theory and Applications, 26, pp.27-38, 1998.

N. Tarim, B. Yenen, H. Kuntman: Simple and accurate
nonlinear current conveyor macromodel, Melecon 96:

8th Mediterranean Electrotechnical Conference, Vol.l,
pp 447-450, May 13-16, Bari, Italy, 1996.

M. Yazgi, H. Kuntman, A new approach for parameter

extraction of complex models and an application for
SPICE MOSFET level-3 static model, Microelectronics
Journal, Vol.30, No.2, pp.149-155, 1999



 H. Kuntman and A. Toker, 'Novel nonlinear
macromodel suitable for SPICE simulation of
analogue multipliers realised with bipolar and
CMOS technologies', Int. Journal of Circuit
Theory and Applications, 27, pp.485-495, 1999.

» U. Cam and H. Kuntman, ‘Simple and accurate
non-linear macromodel for four terminal floating
nullors (FTFNs)’ Int. Journal of Electronics, Vol.

88, No.4, pp 435-447, 2001.



and accurate non-
linear macromodel for four terminal floating
nullor (FTFN), Proc. of Int. Conference on
Electrical and Electronics Eng. ELECQO'99,
Electronics: pp. 73-77, Bursa,Turkey, 1-5

December 1999.

H. Kuntman, A. Dolar: Implementation of a
Novel MOSFET Model into SPICEProgram to
Obtain Extended Accuracy for Simulation of
Analogue Circuits, Proc. of the 7th International
Conference on OPTIMIZATION OF
ELECTRICAL AND ELECTRONIC
EQUIPMENT: OPTIM 2000, May 11-12, 2000
Brasov, ROMANIA, pp. 765-770.

U. Cam, H. Kuntman, Simple




G. Diizenli, H. Kuntman, The Basic of an Analytical
Model Development for the P-MOS Transistor
Degradation, Proc. of OPTIM’2002 (8th International
Conference: OPTIMIZATION OF ELECTRICAL AND
ELECTRONIC EQUIPMENT), pp. 829-834, May 16-
17, 2002 Brasov, ROMANIA.

F. Kacar, A. Kuntman, H. Kuntman, "A Simple
Approach for Modelling The Influence of Hot-Carrier
Effect ON Threshold Voltage Of MOS Transistors",
Proceedings of the 13th International Conference on
Microelectronics (ICM’2001), pp.43-46, Rabat,
Morocco, October 29-31, 2001.



H. Kuntman, Elektronik Elemanlarin
Modellenmesi, ITU Kiitiiphanesi, 1998.

H. Hakan Kuntman, Analog MOS
Tiimdevre Teknigi, ITU Kiitiiphanesi, Sayz:
1587, 1997.

H. H. Kuntman, Analog tiimdevre tasarimu,
Birsen Yayinevi, Istanbul, 1998.

P. Antognetti, G. Massobrio,

Semiconductor device modeling with
SPICE, Mc Graw Hill, 1988.



« BOYLE,G.R., COHN, B.M., PEDERSON,
D.O. and SOLOMON, J.E., Macromodeling
of integrated circuit operational amplifiers,
IEEE Journal of Solid-State Circu-its, 9,
353-363, 1974.

 PEIC, R.V., Simple and accurate nonlinear
macromodel for operational amplifiers,
IEEE Journal of Solid-State Circuits, 26,
896-899, 1991.



