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Ala. Schéma obvodu CCIII_mirr z prostiedi Cadence
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A1lb. Layout realizovan¢ho CCIII_mirr v CMOSO07
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Alc. Simulacni schéma pro obvod CCIII_mirr - buzeni proudem /x

- P5 -



Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

Ald. Typické simulace CCIII_mirr — buzeni proudem /x
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Ale. Charakterizace (Corner analyza) pfedchozich simulaci - buzeni proudem /x
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Alf. Vypis ,,Matching analyzy* pro vystupni ofset na svorce Z

RESULTS OF THE MATCHING TOOL

Design: sim CCTA_IN_CMIRRCASC of CDTA library in the VZ:p net

Offset calculated using info from schematic

Note: sigma_vt is spread of vt of 1 transistor

Note: sigma_beta is spread of beta of 1 transistor

Note: offset vt is output offset caused by vt mismatch of 1 transistor
or: offset_vt=sigma vt*sensitivity vt

Note: offset_beta is output offset caused by beta mismatch of 1 transistor
or: offset _beta=sigma_beta*sensitivity beta

CC3.M21: offset_vt=5.32887 uA offset_beta=1.10872 uA sigma_vt=0.00410895 V sigma_beta=0.451067 %

CC3.M20: offset_vt=5.27822 uA offset beta=1.09845 uA sigma_vt=0.00410895 V sigma_beta=0.451067 %

CC3.M22: offset_vt=5.0296 uA offset beta=1.99917 uA sigma_vt=0.00434936 V sigma_beta=0.811021 %

CC3.M19: offset_vt=5.00856 uA offset_beta=1.99083 uA sigma_vt=0.00434936 V sigma_beta=0.811021 %

CC3.M45: offset_vt=0.112953 uA offset_beta=0.0239687 uA sigma_vt=0.00410895 V sigma_beta=0.451067 %
CC3.M46: offset vt=0.103172 uA offset_beta=0.0441175 uA sigma_vt=0.00434936 V sigma_beta=0.811021 %
CC3.M43: offset_vt=0.101454 uA offset_beta=0.0432764 uA sigma_vt=0.00434936 V sigma_beta=0.811021 %
CC3.M39: offset_vt=0.0799793 uA offset beta=0.0157447 uA sigma_vt=0.00631119 V sigma_beta=0.653816 %
CC3.M47: offset_vt=0.0780426 uA offset beta=0.0163188 uA sigma_vt=0.00631119 V sigma_beta=0.653816 %
CC3.M34: offset_vt=0.0635366 uA offset_beta=0.0203917 uA sigma_vt=0.0116986 V sigma_beta=1.75382 %
CC3.M52: offset_vt=0.0616888 uA offset beta=0.0205295 uA sigma_vt=0.0116986 V sigma_beta=1.75382 %
CC3.M48: offset_vt=0.0588106 uA offset beta=0.0132417 uA sigma_vt=0.00410895 V sigma_beta=0.451067 %
CC3.M49: offset_vt=0.051649 uA offset_beta=0.0207297 uA sigma_vt=0.00434936 V sigma_beta=0.811021 %
CC3.M50: offset_vt=0.0472365 uA offset_beta=0.0192698 uA sigma_vt=0.00660323 V sigma_beta=0.734708 %
CC3.M51: offset_vt=0.0461821 uA offset_beta=0.0187944 uA sigma_vt=0.00660323 V sigma_beta=0.734708 %
CC3.MS2: offset_vt=0.0452032 uA offset_beta=0.00632577 uA sigma_vt=0.0102851 V sigma_beta=1.15 %

CC3.M53: offset_vt=0.0287516 uA offset_beta=0.0118628 uA sigma_vt=0.00434936 V sigma_beta=0.811021 %
CC3.M32: offset_vt=0.0188417 uA offset_beta=0.00244628 uA sigma_vt=0.00426971 V sigma_beta=0.469486 %
RBIAS: offset=0.01179 uA sigma=2.43673 %

CC3.M12: offset_vt=0.0103757 uA offset_beta=0.00165974 uA sigma_vt=0.00530212 V sigma_beta=0.814678 %
CC3.M10: offset_vt=0.0102504 uA offset_beta=0.00163075 uA sigma_vt=0.00530212 V sigma_beta=0.814678 %
CC3.M13: offset_vt=0.00928227 uA offset_beta=0.00141704 uA sigma vt=0.00400023 V sigma_beta=0.438593 %
CC3.M11: offset_vt=0.00914327 uA offset_beta=0.00141017 uA sigma_vt=0.00400023 V sigma_beta=0.438593 %
CC3.MNBI: offset vt=0.0080197 uA offset_beta=0.00282537 uA sigma_vt=0.00286375 V sigma_beta=0.538767 %
CC3.MPBI: offset_vt=0.00725703 uA offset_beta=0.0011446 uA sigma_vt=0.00511759 V sigma_beta=0.566221 %
CC3.M2: offset_vt=0.00307686 uA offset_beta=0.00108399 uA sigma_vt=0.00286375 V sigma_beta=0.538767 %
CC3.MO0_1: offset vt=0.00104184 uA offset_beta=0.000164331 uA sigma_vt=0.00511759 V sigma_beta=0.566221 %
CC3.MO0_0: offset_vt=0.00104184 uA offset_beta=0.000164331 uA sigma_vt=0.00511759 V sigma_beta=0.566221 %
CC3.MO0_3: offset_vt=0.00104184 uA offset_beta=0.000164331 uA sigma_vt=0.00511759 V sigma_beta=0.566221 %
CC3.MO0_2: offset vt=0.00104184 uA offset_beta=0.000164331 uA sigma_vt=0.00511759 V sigma_beta=0.566221 %
CC3.MO0_5: offset_vt=0.00104184 uA offset_beta=0.000164331 uA sigma_vt=0.00511759 V sigma_beta=0.566221 %
CC3.MO0_4: offset_vt=0.00104184 uA offset_beta=0.000164331 uA sigma_vt=0.00511759 V sigma_beta=0.566221 %
CC3.MO0_6: offset vt=0.00104184 uA offset_beta=0.000164331 uA sigma_vt=0.00511759 V sigma_beta=0.566221 %
CC3.M8_1: offset_vt=0.000715012 uA offset_beta=0.000252035 uA sigma_vt=0.00286375 V sigma_beta=0.538767 %
CC3.M8_0: offset_vt=0.000715012 uA offset_beta=0.000252035 uA sigma_vt=0.00286375 V sigma_beta=0.538767 %
CC3.M8_3: offset_vt=0.000715012 uA offset_beta=0.000252035 uA sigma_vt=0.00286375 V sigma_beta=0.538767 %
CC3.M8_2: offset_vt=0.000715012 uA offset_beta=0.000252035 uA sigma_vt=0.00286375 V sigma_beta=0.538767 %
CC3.M8_5: offset_vt=0.000715012 uA offset_beta=0.000252035 uA sigma_vt=0.00286375 V sigma_beta=0.538767 %
CC3.M8_4: offset_vt=0.000715012 uA offset_beta=0.000252035 uA sigma_vt=0.00286375 V sigma_beta=0.538767 %
CC3.M8_6: offset_vt=0.000715012 uA offset_beta=0.000252035 uA sigma_vt=0.00286375 V sigma_beta=0.538767 %
CC3.M4: offset_vt=5.36563e-05 uA offset _beta=1.52523e-05 uA sigma_vt=0.00493772 V sigma_beta=0.762187 %
CC3.M5: offset_vt=1.13458¢-05 uA offset_beta=3.221e-06 uA sigma_vt=0.00493772 V sigma_beta=0.762187 %
CC3.MSI: offset_vt=2.07169¢-13 uA offset_beta=1.18512e-14 uA sigma_vt=0.00980976 V sigma_beta=1.09648 %
CC3.MS3: offset_vt=1.64875e-14 uA offset _beta=3.76933e-15 uA sigma_vt=0.0112255 V sigma_beta=1.68383 %
CC3.M37: offset_vt=0 uA offset_beta=0 uA sigma_vt=0.0116986 V sigma_beta=1.75382 %

CC3.M33: offset_vt=0 uA offset_beta=0 uA sigma_vt=0.00631119 V sigma_beta=0.653816 %

CC3.M28: offset_vt=0 uA offset beta=0 uA sigma_vt=0.00588894 V sigma_beta=0.653816 %

CC3.M44: offset_vt=0 uA offset beta=0 uA sigma_vt=0.00631119 V sigma_beta=0.653816 %

CC3.M29: offset_vt=0 uA offset_beta=0 uA sigma_vt=0.00434936 V sigma_beta=0.811021 %

CC3.M24: offset_vt=0 uA offset beta=0 uA sigma_vt=0.00410895 V sigma_beta=0.451067 %

CC3.M26: offset_vt=0 uA offset beta=0 uA sigma_vt=0.00434936 V sigma_beta=0.811021 %

CC3.M27: offset_vt=0 uA offset_beta=0 uA sigma_vt=0.00588894 V sigma_beta=0.653816 %

CC3.M42: offset_vt=0 uA offset_beta=0 uA sigma vt=0.0116986 V sigma_beta=1.75382 %

R1: offset=0 uA sigma=1.111 %

CC3.M23: offset_vt=0 uA offset_beta=0 uA sigma_vt=0.00434936 V sigma_beta=0.811021 %

CC3.M38: offset_vt=0 uA offset_beta=0 uA sigma vt=0.00631119 V sigma_beta=0.653816 %

CC3.M35: offset_vt=0 uA offset _beta=0 uA sigma vt=0.0116986 V sigma_beta=1.75382 %

Total offset: 10.8218 uA (1 sigma !!!)

Depending on the layout, the offset can vary between:

Total offset in case all low matched: 10.8218 uA (1 sigma !!!)
Total offset in case all high matched: 2.70544 uA (1 sigma !!!)
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Alg. Simula¢ni schéma pro obvod CCIII_mirr — buzeni napétim Vy
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ATlh. Typické simulace CCIII_mirr - buzeni napétim Vy
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Alj. Popis uvedenych simulaci obvodu CCIII_mirr

Simulaéni schéma Alc. — obvod buzen proudem do svorky X

Simulace Ald. —1evé okno, simulace AC =2 Z,ux =220 Q
—> pienos proudu do svorky Y a Z, Bo=1
- mezni kmitocet pfenosu proudu (-3dB)

- pravé okno, simulace DC = V(X) — zména V(X) v disledku Z,# 0
= prenos proudu z X do Z a -(Y)
- chyba pienosu proudu Y a Z

Simulace Ale. — charakterizace (Corner analysis) simulace Ald.

Simulace A1f. — ,,Matching analysis* proudového ofsetu na svorce Z
Votts = 2.7 nA (pro lo)

Simulaéni schéma Alg. — obvod buzen napétim na svorce Y, na svorku X pfipojen
odpor 2.5 kQ.

Simulace A1h. —levé okno, simulace AC
- pravé okno, simulace DC, > proudy svorkami X, Y, Z pfi zméné Vy
—> napéti na svorce X pii zméné Vy

Simulace Ali. — charakterizace simulace Alh
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A2a. Schéma obvodu CCIII opa z prostiedi Cadence
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A2b. Layout realizované¢ho CCIII_opa v CMOS07
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A3a. Schéma obvodu IDIFF_mirr z prostiedi Cadence
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Ada. Schéma obvodu IDIFF opa z prostiedi Cadence
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A4b. Layout obvodu IDIFF opa v CMOS07
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

AS5a. Schéma transkonduktanéniho stupné GM_FIX z prostredi Cadence
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

AS5b. Layout realizovaného GM_FIX v CMOSO07
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

AS5c. Simula¢ni schéma pro ur€eni vystupni impedance — stiidava simulace
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

AS5d. Typicka stiidava (AC) simulace vystupni impedance
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

Ao6a. Schéma obvodu CDTA opa z prostfedi Cadence

IDiff
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

matic offset

SySsie

COTA <

A6b. DC simulace ptenosu proudu a system. ofsetu CDTA — typ. podminky

AR

288u

Adu

—208u

S@@u
g
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

Ao6c. Charakterizace stfidavé simulace proudového ptfenosu CDTA opa
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

A6d. Vypis fazové a amplitudové bezpecnosti CDTA (stabilita)

INFO

These are the results for corneranalysis:
/disk0/users/prokop/PROJECTS/CDTA/PRESTUDY/mixedsim/simulations/prokop/sim_
CDTA/spectre/schematic/corners/oceanScript

Aug 31 16:45

(+) max, fast or best(-) min, slow or worst (0) typ

(@) nfast_pfast ($) nfast _pslow (#) nslow_pfast (*) nslow_pslow (%)
ntyp_ptyp

PMPout = (180 + phaseMargin(1F("'/VoutlP/PLUS™)))

AMPout = value(dB20(IF("'/VoutlP/PLUS™)) cross(phase(IF(""/VoutlP/PLUS™)) 0 1
“falling™))

GBWPout = cross(dB20(IF("'/VoutlIP/PLUS™)) 0 1 "falling™)

RESULTS

ccr np

oae dd

rpsnpii t

naimmoop e

ecsooddn m

ritsseep p

PMPout AMPout GBWPout
0----000 O 71.345595 -10.758247 7.3286081M
1----00070 72.108178 -10.995985 6.1311673M
2 ---+000 O 72.772051 -12.228546 7.3113059M
3---+400070 73.340402 -12.242889 6.1023209M
4 --4+-000 O 71.933108 -10.858924 9.2555659M
5 - +-00070 72.718478 -11.363492 7.8202308M
6 --++000 O 73.493983 -12.495962 9.2653949M
7--++00070 73.987988 -12.645164 7.8135565M
8-+--000 0 70.205764 -10.459346 6.2346513M
9-+--00070 70.612147 -10.844504 5.3040535M
100-+-+000 O 71.679533 -11.739685 6.2131686M
11 -+ -+000 70 71.985832 -12.213579 5.2749224M
12 -++-000 O 70.53234 -10.755478 7.9199551M
13 ++-00070 71.421307 -10.912278 6.801317M
14 - +++000 O 72.167369 -12.146293 7.9248214M
15-+++00070 72.900171 -12.640076 6.7837496M
16 + ---000 O 69.608705 -11.538784 7.1989421M
17+ - --000 70 70.185938 -11.719224 6.0306639M
18+ --+000 O 70.994852 -12.9277 7.1815209M
19+ --+00070 71.365313 -13.002041 6.0042951M
20+ -+ -000 O 70.190797 -11.542675 9.0825297M
21 + +-00070 70.809947 -12.058803 7.713574M
22+ -+ + 000 O 71.7122 -13.24654 9.0923436M
23+ -+ + 000 70 72.048868 -13.337651 7.7079034M
24 + + - - 000 O 68.602281 -11.105052 6.0859715M
25+ + - -000 70 68.95616 -11.628789 5.1993746M
26+ + -+000 O 70.017907 -12.395797 6.0654395M
27 ++ -+ 000 70 70.286096 -12.880777 5.1717555M
28+ ++-000 O 68.951656 -11.418534 7.7574974M
29 + + + - 000 70 69.813557 -11.608975 6.6631524M
30+ +++000 O 70.541378 -12.734951 7.7619878M
31+ +++ 00070 71.242267 -13.359316 6.6481765M
PMPout AMPout GBWPout
MIN 68.60228 -13.35932 5.171756M
corner 24 31 27
MAX 73.98799 -10.45935 9.265395M
corner 7 8 6
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

A7a. Kompletni ,,TOP* schéma vcetné¢ ESD ochran

- P27 -



Modularni pfistup k navrhu modernich analogovych prvki v technologii CMOS

A7b. Toplayout
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

A7c. Schéma zapojeni ¢ipu v pouzdie (Bonding diagram)
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Modularni pfistup k navrhu modernich analogovych prvki v technologii CMOS

A8a. Schéma a layout piesného konvejoru CCII+
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

B1. Schémata vnitinich zapojeni behavioralnich modelu

Bla.

Vnitini zapojeni modelu CCTA mirr

LGND by

T D

0.75Yde

AGND
{laffy
PARAMETERS
typ: TofEZ=-0.3%u iofiZ=0
TofEID 1.5u
v TofEs¥= 0.3u Ioffv =0 Pret Hret
offs=2_ 4} offs =0
affio =0
DAY, D2 D1
D myD | myD
: <o
it (6l ) - Y(%IN2) *1 24 -3000,300u)}
ket I
it o) 1 20w, 1200 RE dﬂ lafssPS  RioP
Fret cr | fofty
DA 2 5Mey = R (otmoy|  24heg
myD Bp o
Do ) GHD n
myb Ry Viisens
x r—]t
240 [ F2
{lotfio} Z Rial
X ttsh
. foffstes F T = 24Meq
&
< ol
AGHD
e 0475 D3
Pret Kret D] myD
Prat Nret
AR
AGND 07 Loz
- AGND
075vds
v 7 . 7
B1b. Vnitini zapojeni modelu CCTA opa
AGHD
PARAMETERS:
typ: loffZ=1.59u InfiZ=0
I1offI0 = 1.5
v TefEs¥= 0.45u Ioff‘l‘f :DD Pret biret
=— otz =
offg=-0_3Em? \oil0 = 0
D2 ol
my0 | myo
. S
knmn((\r SBINT) - V(ZEINZ)) *1 .24m,-300u,300u)}
[
{limitle Kisens ) -35000,3500u RZ { lofssl RloP
cz T fiefizy
5 2Mey T e = coF foffio;| | 24Meg
GHD 8
os F2
Iniret fiofio}, RloN
0a L offsh
D - 2.4Meg
m DmYDHK Wisens E1 RZ E3 & T CEDN
p
% alle - ol
v
DiE 03
o Prot hret myD| myD
{offeims
B K Pretf biret
|
A3 0.7s L vz
AGHD
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

Blc. Vnitini zapojeni modelu CDTA_ mirr

AGND
cp
. {voffgp}- VoffsP PARAMETERS
. typ: ToEfsZ=l.Bu BfEz =
RIP WFINsens IofEsI0 = L.5u

Pref Mref

| VoffsP= -2.5u¥
: Voffsl=2. 5V lofisl0 =0
ovde oL
m\fD myD
S

P\mu( {(961N1) - V(BINZ]) *1 24m,- 300U, 30003}

loffisZ

H\mn(l("P\Nsens)—l(\/NlNSvns S12601298)) RZ % lofgsd RloP
Y T W T

{loffsZ}
3 5Meq = coP Jlofislo}  2-4Meg
L\GND &

b5 F2
IMref I {loffsl O
myo F Lo TN s aeg
VNINSEns D& T
ap

Rref

IPref < TieN
vy  myD
L Vpas
YoffsN 1.1 FE— - FPref href myD myD
Fraf
W=z Lw
AGN 0.75 L vz

AGND - AGHND T

0.78%de

B1d. Vnitini zapojeni modelu CDTA opa

AGND
P
{votisR VoffsP
B = typ: Toffsi= -0_6u
RIP VPiNsens IoEEsI0 = 1_5u
\ VeEEEP= 3. PARAMETERS: Pref Href
I YoffsN=3_ Smk} lofisT =T
Ovde Waffsh =0
WattsP = 0
loffsio =01
myD myD
* =__JioP
- (3BINZ)) *1 24m,-300u,300)}
IdftsZ
{limitcicvPINseres) I INsens) -1 50ut Soulpe  RZ IofssP RIoP
>4 floftsZ}
{ 21Mey 150 = CoP {loffsio 24Meg
LGND Ed
F2
D5
Iiret {loffsio RioN
5 E lnfishl
myD Lo 2.4Megy
WhiNsens D5 T .
| IPret = e
ovele s mD
o .| wettsn T Pret hret myD myD
& vt
- b=z Pret Href
Ll
A 078 L w2

AGND T s T

0.78Vde
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

Ble. Vnitini zapojeni modelu CCII+_mirr

AGHND e

PARAMETERS:
v typ: Ioffz=-0.33u offs =0
T offs=2.4mv IoffZ =10
(o3’
Bp
AGND
10ffsZ
flimitfI(fisens) - 1200, 1200 RZ
-~ CZ {loftZ}
2.5Meg -
D10 LGND
myD =% WHISENS E1
X w—] |
2o Dvidc D5
IMref
== x | Voife MmyD
ap {offs —
—‘7 IPref
AGHD V3 myl
AGND [ ‘ -1 va 0 avik
a EEVEGF— =
=4
AGND
LR . ’
B1f. Vnitini zapojeni modelu CCII+_opa
Inret
IPret
21 L] Vs
LWE 2w
T E lotize s PARAMETERS!
typ: loffZ=0.3u offs =0
ﬁ i offs=2mi} IoftZ =0
AGHD
8p
AGHND
{limmit(10\¥isens),-1500u,1 500
Wrizens Wotts E3 R20 E2
57
0¥ {offs} =
e
X E clo E
—" & = 1000001 —(
P 048U
) ) — —Lva 18—

1 8vegT— =
AGHD

tfzl

174}
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Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

B2. Textovy vypis knihovny CXTA.lib pro OrCAD Pspice

* PSpice Model Editor - Version 9.2

*$

* source CCTA & CDTA library
* measured params

*_PARAM offs=2mV 1offZ=0.3u

.subckt CCll+_opa X Y Z AGND params: offs=0 loffZ=0

ccz AGND Z 8p

D_D10 X IPREF myD

G_ABMI1 Z AGND VALUE { {limit(1(V_VXisens),-1500u,1500u)} }
R_RX X NO2517 1

R RZ AGND Z 50Meg

D_D9 INREF X myD

V_VXisens NO2517 N02684 0OVdc
1_loffsz Z AGND DC {loffZ}

V_V5 IPREF AGND 2.1vdc

V_V6 AGND INREF 2.1vdc

E_E2 NO05852 AGND Y NO1005 1
D_D5 NREF Z myD

E_E3 NO1005 AGND NO0899 AGND 1000000
D_D6 Z PREF myD

C_CX AGND X 8p

V_V3 PREF AGND 1.8Vvdc

D_D7 Y IPREF myD

Cc_C10 AGND NO0899 0.16u
V_Voffs N02684 N0O1005 {offs}
V_v4 AGND NREF 1.8vdc

D_D8 INREF Y myD

Cc_Cy AGND Y 8p

R_R20 NO05852 NO0899 1Meg
.model myD D(I1s=2.682n Rs=.01 Cjo=0.1p)
.ends

*$

* source CCTA & CDTA library

* measured params

*_PARAM offs=2.4mV loffZ=-0.33u
*

.subckt CCll+_mirr X Y Z AGND params: offs=0 loffzZ=0

ccz AGND Z 8p

D_D10 X IPREF myD

G_ABMI1 Z AGND VALUE { {limit(1(V_VXisens),-120u,120u)} 1
R_RX X NO2517 240

R _RZ AGND Z 2.5Meg

D_D9 INREF X myD

V_VXisens N02517 N02684 0OvVdc
1_loffsz Z AGND DC {l1offz}
E_E1 NO2684 NO7473 Y AGND 1
D_D5 INREF Z myD

D_D6 Z IPREF myD

Cc_Cy AGND Y 8p

C_CX AGND X 8p

V_V3 IPREF AGND 0.4Vdc

D_D7 Y IPREF myD

V_Voffs NO7473 AGND {offs}
V_V4 AGND INREF 0.65Vdc

D_D8 INREF Y myD

.model myD D(1s=2.682n Rs=.01 Cjo=0.1p)
.ends

*$

* source CCTA & CDTA library

* measured params

*_PARAM VoffsP=-3.5m VoffsN=3.5m loffsZ=-0.6u loffsl0=1.5u
*

.subckt CDTA_opa PIN NIN Z IoN loP AGND params: VoffsP=0 VoffsN=0 loffsZz=0 loffsl0=0

ccz AGND Z 15p

F_F2 AGND ION VF_F2 1

VF_F2 NO9307 AGND 0OV

G_ABMI1 Z AGND VALUE { {limit(1(V_VPINsens)-1(V_VNINsens),-150u,150u)}}
V_V2 AGND NREF 0.75Vdc

R_RIP PIN N22429 50

G_ABM2I11 10P N09307 VALUE { {limit((V(Z) - V(AGND)) *1.24m,-300u,300u)}}
R_RIN NIN NO2517 50

R_RZ AGND Z 2.1Meg

1_lofssP 10P AGND DC {loffsl0}

V_VoffsP N22169 AGND {VoffsP}

V_VNINsens N02517 N02684 OVdc

D_D9 NIN PREF myD

1_loffsz Z AGND DC {loffszZ}

1_loffsN AGND ION DC {loffslO}

R_RIoP AGND 10P 2.4Meg

R_RIoN ION AGND 2.4Meg
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C_Cp PIN AGND 8p

D_D5 INREF Z myD

C_CoP AGND 10P 8p

D_D6 Z IPREF myD

D_D1 NREF 10P myD

C_CN AGND NIN 8p

V_V3 IPREF AGND 0.95Vdc

C_CoN ION AGND 8p

D_D7 PIN PREF myD

D_D2 10P PREF myD

V_VoffsN N02684 AGND {VoffsN}
V_V4 AGND INREF 1.45Vdc

D_D8 NREF PIN myD

D_D3 NREF 10N myD

D D10 NREF NIN myD

D_D4 ION PREF myD

V_VPINsens N22429 N22169 0vdc
V_Vi PREF AGND 0.75Vdc

-.model myD D(Is=2.682n Rs=.01 Cjo=0.1p)
.ends

*$

* source CCTA & CDTA library

* measured params

*_PARAM VoffsP=-2_5m VoffsN=2_.5m loffsZ=1.8u loffsl0=1.5u
*

.subckt CDTA_mirr PIN NIN Z 1oN IoP AGND params: VoffsP=0 VoffsN=0 loffsZ=0 loffsl10=0

c_Cz AGND Z 12p

F_F2 AGND ION VF_F2 1

VF_F2 NO9307 AGND OV

G_ABMI1 Z AGND VALUE { {limit(1(V_VPINsens)-I(V_VNINsens),-125u,125u)}}
V_V2 AGND NREF 0.75Vdc

R_RIP PIN N22199 260

G_ABM2I1 10P N09307 VALUE { {limit((V(Z) - V(AGND)) *1.24m,-300u,300u)}}
R_RIN NIN NO2517 260

R_RZ AGND Z 3.5Meg

1_lofssP 10P AGND DC {loffslO}
V_VoffsP N22169 AGND {VoffsP}
V_VNINsens N02517 N02684 0vdc
D_D9 NIN PREF myD

1_loffsz Z AGND DC {loffsz}
1_1offsN AGND ION DC {loffslO}
R_RIoOP AGND 10P 2.4Meg

D_D10 NREF NIN myD

R_RION ION AGND 2.4Meg

C_CP PIN AGND 8p

D_D5 INREF Z myD

C_CoP AGND I0P 8p

D_D6 Z IPREF myD

D_D1 NREF 10P myD

C_CN AGND NIN 8p

V_V3 IPREF AGND 0.85Vdc

C_CoN ION AGND 8p

D_D7 PIN PREF myD

D_D2 10P PREF myD

V_VoffsN N02684 AGND {VoffsN}
V_V4 AGND INREF 1.15Vdc

D_D8 NREF PIN myD

D_D3 NREF 10N myD

D_D4 ION PREF myD

V_VPINsens N22199 N22169 0OVdc
V_Vi PREF AGND 0.75Vdc

.model myD D(1s=2.682n Rs=.01 Cjo=0.1p)
.ends

*$

* source CCTA & CDTA library
*measured offsets
*_PARAM  10FFY=0.45u loffZ=1.6u offs=-0.36m loffl0=1.5u

.subckt CCTA_opa X Y Z loN loP AGND params: loffY=0 1offZ=0 l1offl10=0 offs=0

Cc_Cz AGND Z 11p

F_F2 AGND ION VF_F2 1

VF_F2 NO9307 AGND OV

E_E1 NO2684 NO7473 N00322 AGND 1

F_F1 AGND Y VF_F1 1

VF_F1 Z NOO790 OV

G_ABMI1 NOO790 AGND VALUE { {limit(1(V_VXisens),-3500u,3500u)} ¥}
V_V2 AGND NREF 0.75Vdc

G_ABM211 10P N09307 VALUE { {limit((V(Z) - V(AGND)) *1.24m,-300u,300u)}}
c_C1 AGND N00322 0.16n

R_RX X N02517 15

R_RZ AGND Z 5.2Meg

1_lofssP 10P AGND DC {l1offIO}

V_VXisens N02517 N02684 0Vdc

D_D9 X IPREF myD

1_loffsz Z AGND DC {loffzZ}

1_loffsN AGND ION DC {loffI0}
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R_RIoP AGND 10P 2.4Meg
R_R2 N15192 N00322 1k
D_D10 INREF X myD

R_RIoN ION AGND 2.4Meg
Cc_Cy Y AGND 8p

D_D5 INREF Z myD

C_CoP AGND 10P 8p

R_RY Y AGND 5.2Meg

D_D6 Z IPREF myD

D_D1 NREF 10P myD

c_Cx AGND X 8p

1_loffsy Y AGND DC {loffY}
V_V3 IPREF AGND 1.9Vvdc
C_CoN ION AGND 8p

D_D7 Y IPREF myD

D_D2 10P PREF myD

V_Voffs NO7473 AGND {offs}
V_V4 AGND INREF 1.9vdc
D_D8 INREF Y myD

D_D3 NREF ION myD

D_D4 ION PREF myD

E_E3 N15192 AGND Y AGND 1
V_Vi PREF AGND 0.75Vdc
.model myD D(Is=2.682n Rs=.01 Cjo=0.1p)
.ends

*$

* source CCTA & CDTA library

*measured offsets

*PARAM 10ffY=0.8u 10FfZ=-0.33u loffl0=1.5u offs=2_4m

*

.subckt CCTA_mirr X Y Z 1oN 1oP AGND params: 1offY=0 1offZ=0 1off10=0 offs=0
ccz AGND Z 8p

F F2 AGND ION VF_F2 1

VF_F2 NO09307 AGND 0OV

FF1L AGND Y VF_F1 1

VF_F1 Z NOO790 0OV

D D10 X IPREF myD

G_ABMI1 NOO790 AGND VALUE { {limit(1(V_VXisens),-120u,120u)} }
V_V2 AGND NREF 0.75Vvdc

G_ABM2I1 10P N09307 VALUE { {limit((V(Z) - V(AGND)) *1.24m,-300u,300u)}}
R_RX X NO2517 240

R RZ AGND Z 2.5Meg
1_lofssP 10P AGND DC {loffl0}
D_D9 INREF X myD

V_VXisens NO2517 N02684 Ovdc
1_loffsz Z AGND DC {1offz}
1_loffsN AGND ION DC {loffl0}
R_RIoOP AGND 10P 2.4Meg
R_RIoN ION AGND 2.4Meg

E_E1 NO2684 NO7473 Y AGND 1
Cc_Cy Y AGND 8p

D_D5 INREF Z myD

C_CoP AGND 10P 8p

R_RY Y AGND 2.5Meg

D_D6 Z IPREF myD

D_D1 NREF 10P myD

c_Cx AGND X 8p

1_loffsy Y AGND DC {loffY}
V_V3 IPREF AGND 0.4Vdc

C_CoN ION AGND 8p

D_D7 Y IPREF myD

D_D2 10P PREF myD

V_Voffs NO7473 AGND {offs}
V_V4 AGND INREF 0.65Vdc

D_D8 INREF Y myD

D_D3 NREF 10N myD

D_D4 ION PREF myD

V_Vi PREF AGND 0.75Vdc
.model myD D(Is=2.682n Rs=.01 Cjo=0.1p)
.ends

*$
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B3. Vzorové simulacni profily pro OrCAD PSpice
B3a. Schéma: sim_CCTA_ mirr dc, simulaéni profil: CCTA_mirr_dc

Demonstrace funkce, vliv proudoveho ofsetu mezi Ix a Iz

TIoff?Z = -0.33uR

U1

it 0= 1o -4 Ve A ——
\V CCTA_mirr \V Bk

R
L | ny B — . [yon . [wop
Sk gy = ="y, Ovic=1p,

1.680
OU(UP) ¢ U(UX) " U(UN) A U(UX) < UUP) + U{UN)
480un T T T T T T

O -1(RZ) < I{VoN} = I{UoP)

Jedna se o DC simulaci, kde je krokovano napéti zdroje VinY v rozmezi (-1V+1V)

Proudovy zisk daného zapojeni je B = Rz * gminy = 5 kQ * 1.24 mA/V = 6.2,
¢emuz odpovidd pomér sklonu charakteristik /(VoP) a I(RZ). Na prabéhu /(VoN) je
patrné omezeni max. vystupniho proudu 300 pA. Stejny limit ma také /(VoP), ktery je
v této simulaci omezen maximalnim vystupnim napétim (velky ubytek na odporu RoP =
6kQ), jak je vidét na pribchu V(VP). Proudové omezeni je patrno také na svorce Z, a to
I(RZ)max = 120 pA. Svorka Z mé samoziejmé také modelovano napétové omezeni.
Simulace potvrzuje funk¢nost vSech téchto limitaci, které ptiblizuji vlastnosti
behavioralniho modelu redlnym prvkim.

Vliv nastaveného ofsetu proudu svorky Z (parametr modelu) je patrny pii zvétSeni
pribéhu v dal§im grafu.
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Zobrazeni vlivu proudového ofsetu mezi vstupem X a vystupem Z

0.000000, 320.341305n KRRN
0.000000, 329 3413050 [
8.088688,

-2.98mu -2.58mu -2 .88nY -1.58mu —-1.88nY -8.58mu au 8.58mu
iﬁE—I(RZ) < I{UoN) I(VoP)

Ve spodnim grafu je patrno, ze pti vstupnim napéti V(VinY)=0V, kterému
odpovida vstupni proud I[(X)=0, ma proud svorkou Z (oznaceny I(RZ)) hodnotu
329.34nA. Drobna odchylka od nastavenych 330nA je zptisobena parazitnim odporem.

Model umoznuje primo ve schématickem editoru Capture primo nastavovat a
modelovat dalsi typy nesymetrii. Zmérené skutecné hodnoty téchto nesymetrii jsou
uvedeny primo v knihovné CxTA.lib.
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B3b. Schéma: sim CCTA_ mirr _ac3dB, simula¢ni profil: CCTA 3dB

Fmitoctovy prencs zesilovace 3 CCTA 5 AO

3dB
RO = 20 log (1.15k * 1.24m)

3.08 dB

ut
05T

s

CCTA_rmirr

v e
I

=4

% 10N
e 1l
1Aac

UAUC@

) o

od C?i_ 7E ovd c?: .
RZ

186d

O IP(VoN) < IP{UoP)
18

300KHz
O IDB{UoN) < IDB{VoF}

3.0HHz

Frequency

1806HHz

Simulace koresponduje s realnym méienim obvodu CCTA a slouzila k doladéni
kmitoc¢tovych vlastnosti tak, aby co nejlépe odpovidali realnému obvodu. Stejnosmérny
zisk tohoto zapojeni je By=3dB. Ptenosu B = 0dB dosahne obvod na kmito¢tu 16 MHz,
coz koresponduje s méfenymi hodnotami.

tohoto obvodu.

Tato hodnota vSak neni skutecny tranzitni kmitocet (GBW). Ten je simulovan
v nasledujicim simula¢nim profilu v simulaci pfedstavujici pienos rozpojené smycky
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B3c. Schéma: sim CCTA mirr_acloop, simulacni profil: CCTA_oloop

Prenoz rozpojene suycky CCTA 3 maximalnim ziskemn

(RZ ——>» nekonecno)
Amax = 20 log (RZint * gm) = 20 log {(2.5Meg * 1.24m) = ©95.83 dB

U1

0k IoF 1

CCTA mirr

Ly 2 o

1 <L L]

1Aac
uAda@ o ' w r ﬁ
El\u’dc_: - EIVI:IC?T =

§ RZ

{1HGHING

1 = 187.795888, 69.824604 o
2 = 23.363212M, 0.08006008
if= -23.363024M, 69.824604

1008Hz 1.0KHz 18KHz 106KHz 1.6HHz 10HHz 100HHz
01 IDB(UoN) {Zi 1DB(UoP)
Frequency

Simulace ptenosu rozpojené smycky obvodu CCTA s topologii zalozenou na
principu proudovych zrcadel. Soufadnice kurzori odpovidaji stejnosmérnému
proudovému zesileni By = 69.824 dB a tranzitnimu kmito¢tu GBW = 23.36 MHz.

Fazova bezpecnost kolem 70° odpovidd navrhovym simulacim v prostfedi
Cadence.
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B3d. Schéma: sim_ CCTA opa probe, simulacni profil: CCTA_prober

gnimac proudu vetvi hez owvlivnenl mereneho
obvodu:

Vdref = vdl = vdZz

I{Rlref) = I{Rlref) = I{Rl} = I{RZ)}
Iout = I{Rl} * RZ * gm_int fgm_int=1.Z4m}
Iout = Z48un
m Riref L1
10k = ? il
o 500/
dref CCTA_opa
[u]
Win i 1 N g \Ohﬁa—mf
SVt =— Raref ém LM
) 15k 15k W e
N Sohl N “oP
RZ [ — I
1k T -T
W !
.| wecno Y
25vde—

Riref
10k

'

cref

| win
SWdo— RZref

- 15k

y

=]

Simulace ukazuje zcela unikdtni vyuziti obvodu CCTA jako proudové sondy,
kterd videdlnim pfipadé neovlivni poméry méfeného obvodu. Piedvedeno na
odporovém délici. Napéti na odporech 1 proud déliCem zlistavd nezménéno, odchylky
jsou zpusobeny vstupnimi odpory aktivniho obvodu. Vystupni proud mtze byt zesilen
nebo 1 jinak zpracovan (napf. filtrovan) dle povahy impedance pfipojené na svorku Z.

Na prvnim obrazku jsou zobrazeny napétové poméry dle PSpice ,,Bias“ analyzy,
dole odpovidajici proudy v obvodu.
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B3e. Schéma: sim CDTA opa COAdc, simula¢ni profil: CDTA COAdc

Vypocet:
I{out) = I{Vout) = Iin * R2/Rl
I{out) = 20u * 2Zk/1lk = 40uld

Simulace:

Iicout) = 359.35ul —-= chyba Err = 0.125%
I{NIN) --> O {23na)

Simulace demonstruje zapojeni obvodu CDTA jako proudového operacniho
zesilovaCe (nekoneCnd impedance piipojena ke svorce Z) v aplikaci proudového

zesilovace se ziskem 2. Zapojeni odpovida vSeobecné zndamému zapojeni invertujiciho
zesilovace v napetovém modu.

Analogicky k napétovému modu, kde je vstupni napéti nulové, zde mizeme
sledovat idealn¢ nulovy proud do vstupni svorky NIN. Proud 23nA odpovida
kone¢nému zesileni aktivniho obvodu.

Kmitoc¢tova pienosova charakteristika je uvedena v dal§im simula¢nim profilu.
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B3f. Schéma: sim CDTA opa COAac, simulac¢ni profil: CDTA_COAac

Zesilovac 5 COR wytvorenym pomocl CDTA s max. ziskem:

proudovy zisk BO = RZ / Rl

R2
2k
U1
[ ? R1
0 4
FIn 0 iy
S "
_O _0pa
= =t 3 L |+ Wout
Al el IV
e R -
o) o) TO
lin
TAac ?O
Dade RZ
{1/GMIN}
=

A1 = 17.255748K, 6.8182964
A2 = 8.4518988H, 0.088008
........................ dif= -8_4338351H, 6.8102964

-120

—_200 H H
10KHz 180KHz 1.0MHz 10MHz 106MHz

iEEIDB(UDut) < IP{Vout)
Frequency

Simulace kmitoctové ptenosové charakteristiky invertujictho proudového
zesilovaCe se zesilenim 2, navrZzené¢ho pomoci obvodu CDTA s vyuzitim jeho

maximalniho zisku.
Zisk By = 6dB
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B3g. Schéma: sim_CC+ opa tunGM, simula¢ni profil: CCII+ GM

Linearni transkonduktancni stupen:

I{out) = I{Vout) = (1/R _gm) * Vin
L1
Rum PARAMETERS:
—l__w\r—u e R_gm=1k
= {Rom COll+_opa
1 o ozt
L
=
R “out
R Win e ide—
de— T

()

3080uA

20808uA

1088uA

B8A

-100un

-2088un

-G08y -4@emy -2060mY au 206my 400mY

606mY
O I{Uout)

Zapojeni proudového konvejoru CCII+ jako transkonduktan¢niho stupné
s parametrem gm fizenym externi impedanci pfipojenou na svorku Z. Vystupni
charakteristiky demonstruji zménu strmosti pievodni charakteristiky I = gm * V;
v zéavislosti na krokovani odporu R,p,. Zaroven ukazuji vybornou linearitu tohoto feSeni.

- P44 -



Modularni pristup k navrhu modernich analogovych prvki v technologii CMOS

B3h. Schéma: sim CClIl+opa_ Xinv, simula¢ni profil: CCII+ sL

Negativni imitancni invertor:

Zatizeny kapacitou Cload, vykazuje wstupni impedanci jako
ekvivalentni indukcnost, ale s opacnym znamenkem L1111

YV ozimulaci srovnani vstupnich impedanci = idealni indukcnosti.

Yref

Zmenou smeru proudu u jednoho konvejoru (pouziti CCII-)
iinref L2 ziskame gyrator {pozitivni IK} a diky tomu syntetickou
1Aac(> 01 indukcnost
0Ade

=)

Lek = Eml * RmZ2 * Cleoad
Lek = 10k *# 10k *# 1n = 0.1 H

U1

ks

CCll+_opa
WOUT

VI 1 g  Z

oA
Z
Rl o
lin 10k = Cload
ThAac
DAde in

o 10k

Y

I
AGND

CCll+_opa % 0

Uz

188d

O UP{VIN} < -UP{UREF}

166mY

1.0

Hz 10Hz 106Hz 1.0KHz 10KHz 160KHz
0O U{UIN) < U(UREF})

Frequency

Zapojeni dvou konvejortt CCII+ jako negativniho imitan¢niho invertoru
zatizen¢ho kapacitou 1nF. V simulaci je provedeno srovnani s odpovidajici idedlni
indukénosti 0.1H. Vstupni impedance obvodu mé& shodnou amplitudovou
charakteristiku jako odpovidajici indukcnost, ale opacnou fazi. Zapojeni funguje velmi
dobie v rozsahu kmitoct od 100Hz do 100kHz. Na vyssich kmitoctech je limitovano
meznim kmito¢tem aktivniho prvku, na nizkych maximalnim zpracovavanym proudem
pfi nizkych hodnotach vstupni impedance.
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C1. Fotografie a popis méfici desky

Napajeni
1. kladné napajeci napéti pro pomocné OZ - napéti +8V — stabilizovano na +5V.
2. AGND
3. zaporné napajeci napéti pro pomocné OZ — napéti -8V — stabilizovano na -5V.

Popis méficich vyvodi — odpovida schématu zapojeni desky

4.VZ3

5.VZz4

6. V_ION4

7.V_10P4

8. V_ION2 3

9.V_IOP2 3

10. V_ION1 3

11. V_IOP1 3

12. AGND

13. na tomto konektoru je mozné ménit napéti od -2,5 - +2,5 V pomoci potenciometrul8 a 19
pomoci spojky (jumperu) Ize ptenést na druhou cast konektoru, kdy je vyuzivano pro
proudové buzeni vstupli pres rezistory 10K

14. Buzeni vstupu PIN4

15. Buzeni vstupu NIN4

16. Buzeni vstupu PIN3

17. Buzeni vstupu NIN3

18. Potenciometr pro jemné ladéni napéti na konektoru 13

19. Potenciometr pro hrubé ladéni napéti na konektoru 13
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4

é¢ma zapojeni métici
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