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Design Techniques
for (Very) Large Scale Integra

ion
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« Inductors can not be integrated
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« Active devices can be used in large numbers.

e Use ratio ofparameteis than absolute values
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A5 INTEGRATEO-CIRCUIT TECHNOLOGY
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Fig. A.1 Standard blpolar Integrated-circuit process,

7

LT LETILLIL LSS LS




FILITLSLILLITIR  PIETETE P IIIrR

e e LT

T TR PRI, ﬁ f-28

Ag. AJ integroted-circult capacitor shuciures,
(a) Colecior-base junchion capacter. (b) Cndde
capachor,

L ety

H.

L braoN et i 5 KL

T

Bipolar Junction Transistors

) Three basic types of bipolar transistors are available: npn, lateral pnp, and substrace
pnp. The npn structure is repeated in cross-section form in Fig A4, It has a beta
typically of 100 to 500, & collestor breakdown voltage of 40 V, and a cutoff frequency
of 500 MHz The normal operating-current range is from a few microamperes 1o

e I e e I P 7 7 7
- - . o | -

(d) :
Fig. A.2 integrated-circuit resistor struchures. (@) Base resistor.  {b) Emilter resistor. (€} Pinched
base resistor.  (d) Collector resistor.

Table A1 DIFFUSED RESISTOR CHARACTERISTICS

Resistor Type
Base Emitter Pinched Base Collector
Range (ohms) 50-50k 5-100 10 k=500 k 1k-i0k Flo. A4
Tolerance 20% 209 50%, 50%, 1g. A4 An npn bipator lransistor.
Matching 5% s 5% 5%
Temperature coefficient .1%7°C 02%,C . 0sSC 0.8%.°C .
Breakdown voltage (V) 40 6 6 70
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SIMPLIFIED SCHEMATIC
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THE CMOS TECHNOLOGY
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TYPICAL
CMOS PROCESS
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TYPES OF INTEGRATED RESISTORS
First poly resistance
puly:ilicnn .

- ZAANANAANALALRR AN NNV SEAN
. 1WJ//MW/M#MWWMW/M%’AVM//WM/A
i

A resistor is made of a strip of resistive layer.

W

AMATRARAMTATTLUULTLR UL U
[nsulator

n-substrale
A
AW
b b _‘L
. o L4 L [ -

" R=2Rum +Ra %

n-subsizale

Second poly resistance

Type of layer  Sheet res. Acéuracy TC vC
Q/n % ppm/°C  ppm/V > palysilicon
X7 iy

- B A AR AR RA LA AR IR
nt diffusion 3050 2550  200-1K  50-300 a-subsirate
p+diffusion . 50-150  25-50 200-1K  50-300
n-well 3K-5K 25 SK 10K
pinclied p-well ~ 5K-10K 30 10K 20K
pinched n-well  1K-3K 25 5K 10K A TR
p-well IK-6K 50 10K 20K DEZANETTIITREEEN
first poly 414-60 50 500-1.5K 20-200
second poly 25-40 50 500-1.5K  20-200 -

n-substrate

1 - Q’



Typus of resisiances:

Diffused resistance

n-substrate

Pinched p-well {or n-well) resistance
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n-substrale
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ANALOG LIBRARY AC ELECTRICAL CHARACTERISTICS ABSTRACT

Cull cade Descriplion Parameters Min Typ Max unit
Yaut conditions
CMP11 Statia CMOS Propagation delay 1 1.4 ns
comparator {overdrive = 5 mV)
Oftfset -3 +i- 10 mVy
3 CMP11 | Statio BICMOS Propagation dela %0 110 ns
comparator (o o va = § m\,]
. Otfaat +-2 -7 mv
: cPX11 Capacitor flelds Urit capacitance 0.1 pF
! Capacitor vaue rangs 0.1 50 pF
Abgolute accuracy - 15 %
Matching [capacitor ratio) 0.5 1.0 %
- B i CPP11 Maonolithic capacitor Capsoltor range 1 100 pF
; . Absolute accuracy - 15 %
!
- : RPM/PPM |Aesletor/Potentiometer| Resistor value range (X} 3000 K
.. P-Base Absolute accuracy 1= 20 LY
Matching - -1 %
Temperaturs coelficlent 0.2 %
Voltage cosfficient 0.08 *
! sw Analog wwitch Elementary switch RON value s 25 K
Number of switchas In paraiel 1 3
MN11 Telsscoplc NMOS RAON value 100 n
- transistor ' :
OPAJ Ganeral purpots Unity gain bandwidth 23 4.0 MMz
. MOS Operatonat Current consumption 700 uh
ampifier Phase margin .
: {C1 = 100 pF, P2 = 10 K1) ;8 .
. Otfset +/-3 +/-10 mv
OPA41 | Intermal bipoiar tnity andwidth ) 40 MHz
e v [ e e SR BrRa | S o m
~| Phase m - .
. g:L-ls;!.RL-woKﬂl
tHeet =1 -8 my
OPAT1 Al to ral axternal Unity gait bandwidth - 2.3 * MHz
MOS operational C\.rrlnm t consumption 380 uh
Amphfier [ T . - 100 KDLy a0 '
Ofttset : /-3 +/=10 mv
OTANI MODS Unity gain-bandwidth 4 MHz
trangeonductance (CL « 2 pF)
[ ~eee I o
0 o POR11 H'u!m\md!h power | Active lavel accuracy +-5 %
or Hesst Hyaterssls scouracy +- 8 %
VRF11 Voltage bandgap Cutput voltage accuracy a2 L 3
raferance Temperature cosHiclent 100 ppm
Currant consumption 1% ul
: osci ammable crystal | Frequsncy 0.1 20 MHz
- . oucflator
. iP | ARC Mat Fraquenc t 100 800 KHe
m B o osc4 ouchator Stabity V"ﬂ'ﬂl temperature 0.0 ®ie
. B Stablity versus voltage 0.5 */
&) ;
’ i OSC31P | One pad 1.C ovscilator | Frequency H 200 KHz
H Stabty versua temperature a.01 wieg
StabWty versus voitige 0.5 oV
e SCF | Fiters Order 2 12
Canter froquency 100 KHz
i ADCE1 | 8 it analog to Conversion time 5 us
digital converter E‘t':.qr': .’,'S"n'.',"n'ﬂ“.’m +-0.% Lse
Fie.5 - A.0.3 {Anuley Desfya Iystem) deslon flow. H-03 | L8
DACE! 8 b!lt digital to Cg‘r-lwrztle:ftm 1 us
anslog converter =Zp
9 integral non Inesrtty =051 LS8
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TABLE 1 : STKM2000 Analog Library abstract
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Fls. & : MYED A/D LIBZARY RAMAGENENY

A - TELESCOPIC CELLS n + Sl -starting wafer

-~ Cell iz compiled by abutment of

subcells, selected among m libeary Epitaxial growth of

oC-1 of leaf cells: i.o“ leﬁ-sid; Intrinsic layer

subcell, then a given number o

* ur widdle ;ubcnlls, to reach the value 300-500)1,( 5-8 hours)
b‘ ule:udhby the prop;ny. and finely
qne rigth-side subcell.
- COIIcln!lld cells in STKM2000 library Oxide passivation

b L wlujuln are: digital  outpur buffaers,

operational amplifiers, monolithic

CAPTURE  PROPERTY Lavour capacitors, MOS transistors, ...
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Openlngwlndm' S
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Ao S Ate functionality.. PIN structure
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