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SUMMARY

The vary ftow level current measurement (1 £r -13A)
reguires a high input impeadance amplifier,generally using an
nnpr obected MOZFRET and a high vatue resistor (s1EL2 ohm ). An
Tmproved current: to frequency converter (CFC) fully
inltegrated  in NMOS technology is presented in  this thesis.
Thic  converter nses the switched capacitor  technique. This
version is characterized by better topology of devices, wider
dynamic range of frequency and the incooperation of circuitry
that® detects the saturation of the 1/F characteristics and
then enforces a range change which effectively moves the

currentt measurement points towards the linear portion of the

characteristiocs.

In CHAPTER 1, we recall the MOS processing (material,
aovidation, diffusion, masking, ecbching, scribing and
tabrication), structure and characteristics. We also
intoduce a  formulation of the MOSFET capacitor in  ito
difterent modes of operation.

We present also in this chapter the methods of very
low level cuarrent measurements, the different sources of
leakage currents in M0OS devices and the precautions to  be
considered  for the compensation or the minimizaktion of fthis
leakage which enables the very low level current measurcmenls
at a very gond resoluticn accuracy and linearity.

In CHAPTER 2, we explain a new accurate, sensitive and
linear current to frequency converter (CFC) and present a
detailed study of the analysis and design considerations for
the different blocks construcking it. We have proposed models
Lor predicting the performance and characterizing these
building blocks. These models take into account all

restrictions and lTimitations associated wibth the MOSEFET VILST
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clroeuitbs., These models are very lmporbtant ftoi Lhe stbdy oand
the treatment of some nonlinearity problems revealed from
comparing Lhe theory and experimental results. Howewver , TabLy
simalation results show that the CFC which we have presented
properly functions at very good linearity and accuracy.

ln CHAPTER 3, we introduce the different precautions Lo
be consldered when preparing the test sSamples,to guarantuoe
Lhe lowest possible level of leakadge currentl during
medsurements.  We presenl our results of simulation, discuss
and compare it with experimental results pertormed on an old
version of CFC. Outr resulls revealed that:
a) Lower limit of current measurement is relaled to Lhe
uncompensalted leakage current created at the inpul of the
current conlbrolled oscillator,
h) The suplementary current is related to Lthe proximity
effect,
¢) The frequency jump in the CKFC bLranster funcbioon s ool
related to the OPAMP oscillation due Lo instability
as  was Dbeleived to be, but 1s related Lo Llhe ULhreshold
vaoltage instability of the MOSFET s used in  Lhe iSK

resistance and,

a) Freguency saturation of bthe CIFC charactoerishios Poo ol
telated Lo ULhe deviation frowm bLhe exponential o/¢ ' ol e
exponentiat  current  generator, but s related Lo P

relatively  Jong delay of the double bListable wnlbiviiorat o
usied in the current controlled oscillalur.
We finally propose
a) HUsing low leakage MOSFET techniques,
b} Using deposiZd and diffused guard rings  belween b

channel of the tirst. MOSFET and Lhe source of | he st ]

MOSFET used in the R{F)} resistance,
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cr HNew Lechniques to compensate for the carrier heating in
Phe RF}Y resistance and,
Pt die se of more advanced technology (MO0, MOS8 /508 [4)4

CHOU L HOS)

Central Library - Ain Shams University



LIST OF CONTENTS

CHAPTER L. MOSFET STRUCTURE, PROCESSING AND DIFFERENT

TECHNIQUES OF LOW LEVEL CURRENT MEASUREMENTS

Intoduction

1.1 MOSFET structure and characteristics  --———-~=---—--
1.2 MOSFET processing = coo-cmem—me o — e —m e
1.2.1 SILICON: Material, Oxidation, Diffusion  ~----—--—---
1.2.2 Masking and Etching =  ——c--emrmrm oo
1.2.3 Scribing process  =--—m—mmm e mm e
1.2.4 Technology of fabrication --—--------=—-—-—m-cc--——-
1.3 MOS capacitor  ———————— -
1.4 Different techniques of low level current
measurements applicable for MOS technology ----————----
1.4.1 Sources of leakage currents = ---—----——--—————----
a.0Oxide leakage  ———-—————-—rm-—mm e
1.Volume oxide bulk leakage  ————-————————————--——m———————
2.8urface oxide leakage  — o emmmm oo
b.Junction leakage currents  -———--c--—emermo o ——m e
1.4.72 Possibility of low level current measurements —-—
a. Using an amplifier and a resistance --—--—---m-mmo-r——
b. MOSFET logarithmic amplifier — -———--—--creromeunnn
¢. Amplifier with a MOS lateral-bipolar transistor ------
d. Current amplifier -——-———-——-——————

e. Hot carrier injection into the isolation layer -------

CONCLUSIONS .- . e e e e mee D me s me e fe ey s m e e e e o e oo e e s e

CHAPTER 2. DESIGN AND CHARACTERIZATION OF A VERY LOW

CURRENT TO FREQUENCY CONVERTER

INTRODUGTION -~ - o o o oo = mom e oo oo o

Central Library - Ain Shams University

23

30



7.1 Current to frequency converter design and

characteristics  ———-m—r e 30
2.1.1 Conversion technigque = -——=--———-——mmmmmmmmm 30
2.1.2 Loop stability = -———-----———crmmmmmm e 32
2.1.3 Compensation of input leakage current  ---—------ 32

2.2 Design of the current to frequency converter -—-------- 34
2.2.1 Input differential amplifier --——---~-—-—-r------——- 34
1. Transfer characteristics of MOSFET inverter --—-—--—--- 34

2. Effect of the back bias on transfer
chacacteristics ---——-------re-cromom e 37

3. Design and Analysis of MOSFET operational

amplifier  —v---rmrm---mm e 39
a. First stage --—----reoroermemrr e - 39
b. Second stage  ——---o oo e 43
c. Buffer and Level shifting stage  --+---—---------———- 15
d. Referance veltage generator ---—-—----—"-"""-"—--—-~~-~ 46

e. Study and calculation of the amplifier

stability -+ -"-""""""""""~m - ———— 48
1. Oxide capacitance per unit area -------—----v—-—--—= 50
2. Source substrate capacitance of DMOS load ----————-- 51
3. Source and drain overlapping capacitance ----- e 51
2.2.2 Voltage to frequency converter (VFC) —————-——-------5]1
1. EXPONENTIAL CURRENT GENERATOR (EXpP) --———---—---—-—- 53

a. P_Type semi_conductor of doping level N

A

in the depletion mode ---——-"r-----7-r-—————————— 53

b. Device equations including weak inversion
aeffects ———--srmmmmm e e 57
c. Design of the exponential current generator

utilizing the MOSFET in a differential scheme ~------ 62

Central Library - Ain Shams University



1. Reference voltage generator design e e — — 6D

2. MOSFET amplifier  -------—- e it -

2. Current to frequency converter (CFC) ---———------—--—- 65
a. Design of double bistable multivibrator (DBM) ~----- 65

1. Design of first stage of DBM -~~~ -—----mmmmmmomm 67

2. Design of second staqe of DBM -~ —————-- 69

3. Design of buffer stage @ ---——+-—+——r--mmmmon -1

b. Design of the MOSFET string potential devider —--——- 71

c. Design of high threshold comparator -—-——-———-———-—-——-- 72

d. Design of low threshold comparator ---——---——--—- 74

e. Design of switches and capacitor ------------—-~~>-- 74
2.2.3 Frequency controlled resistor R(F) —=---meeoememee 15
2.2.4 Range changing circuit ---—-—--—""-"--"-"-------"——-~---- 78
2.2.5 Delay calculations of MOSFET inverter ------ —mm— e 79
1. Rise time calculation (EMCSFET load) et - ¥4

2. Delay time calculation (EMOSFET load) --——-——--------- 84

3. Rise time calculation (DMOSFET load) ~-------- ~-—--84

4. Delay time calculation (DMOSFET lcad) ---—-—-==--=- 85
CONCLUSIONS I R - 86

CHAPTER 3. PRECAUTIOS AND CAD SIMULATION RESULTS

INTODUCTION - « - o v me e = e 87
3.1 PRECAUTIONS FOR THE MEASURING SCHEME  -—---—--—-——==~~- 81
3.1.1 Precautions taken on the IC level --—-—--—-----—-~ =87
3.1.2 Precautions taken on the casulation level ---------89
3.1.3 Precautions taken on the printed circuit ----—---—-93
3.2 EXPERIMENTAI. CHARACTERISTICS OF THE (CFC) AR I |
3.3 SIMULATION RESULTS @ — = - m o e e 96

Central Library - Ain Shams University



3.3.1 Source to drain resistance in the different
modes of operation W -—-—--------o-———- T T e e 926
3.3.2 Simulation results of the operatiocal amplifier -----100
3.3.3 Simulation results of the channel depth
variation @ ------ 112

3.3.4 Simulation results of the exponential current

generator - - mmm e - 123
3.4 SIMULATRION OF THE CFC GEOMETRY = ————————~—o o 126
3.4.1 MOSFET operational amplifier ———------wwo ~-=-126
3.4.2 Voltage to current converter stage --------——--——~ -129
3.4.3 Double bistable multivibrator calculations —------- 130
3.4.4 Frequency controlled resistor R(F) ————————c——uoo_ 133
3.4.5 CFC specification calculations -——————————coomu 134
3.5 DICUSSION @ ——---— e e e 135
3.5.1 Low frequency range ———————-—————m e 135
3.5.2 High frequency range —————--——mm—mm .. .135%
3.5.3 Supplementary current ~-e———— 137
CONCLUSIONS T e s e EEERERE s - -139
CHAPTER 4. CONCLUSION —— -~ o o - 140
REFERENCES

Central Library - Ain Shams University



ACKNOWLEDGEMENT

I wish to express my deepest gratitude to my Prof. Dr. Nabil Saieh
whose guidance and encouragement were the power behind accomplishing

this work.

And I would like to express my appreciation and thanks to Dr. Adel
Ezzat E1 Hennawy , who devoted a great deal of his time helping, gui-

ding and encouraging me through this work.

And also [ want to thank all my collegues in the Electronics and
Communications Department, who helped me a great deal to achieve this

thesis.

Central Library - Ain Shams University



CHAPTER I

MOSF¥FET STRUCTURE, PROCESSING
AND DIFFERENT TECHNIQUES OF

LOW LEVEL CURRENT MEASUREMEN S

Central Library - Ain Shams University



Introduction

An improved current to Frequency Converter (CFC) fully integrated in NMOS
technology is presented in this thesis. We first recall the MmMosFET
structure, characteristics and processing. We also formutate the MOS ca-

pacitor in the different modes of operation.

We study afterwards the different sources of leakage in MOS devices (oxide
bulk, oxide boundaries, oxide surface and junction leakage currents) and explain the
precautions to be considered for the compensation or the minimization of these
leakage currents (< 10_15A). These precautions make it possible to measure
the very low level currents at a very good resolution, accuracy and lineari-
ty. We finally present new technigues compatible with the MOSFET
technology and the scaling down trends for measuring the very Tow level cur-

rents. This study is very important for :
a) The choice of the optimal method to be usedfor the leakage compensation.
b) Enlarging as possible the dynamic range of measurement.

¢} The improvement of the device sensitivity, resolution ang Ii-

nearity.
d) obtaining the best quality to price ratio.

e} Improvement of the device reliability and reproducibitity.

-1 MOSFET STRUCTURE AND CHARACTERISTICS

fhe metai-oxide-semiconductor field effect transistor or MOSFET con-

sists as shown in fig. (1-1) of: Source S, drain D and gate G. The gate
electrode is separated from the channel by a thin layer of Si0,. p and N
type channel MOSFETS are commercially available. As will be shown be-
Tow, the N-type is of great commercial importance. Depending on the mode

of operation we can classify the Mos¥FET into two families:

Enhancement mode EMOSFET and,

Depletion mode DMOSFET .

"
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In Fig.(1-1)(N-type EMOSFET ), a conducting channel is created between
the source and the drain by the gate voltage; an induced electric field is es-
tablished between the gate and the P-type substrate perpendicular to the Si-
Si0, interface. With a small positive gate voltage,holes in the adjacent
P-material are repelled out and a depletion layer is formed. At a slightly
more positive voltage, an inversion layer of mobiie electrons is formed. The
surface conductivity has then been "enhanced", and the transistor is there -

fore "turned on”, and current can flow between source and drain.

In the pMosFET , a thin lightly-doped conducting layer is implanted in-
to the channel region (see Fig.(1-2. a)). In the absence of gate voltage,
the channel is conducting and the MosFET 1is on. When the gate is bia-
sed by a positive voltage, the channel conductivity is enhanced and a grea -
ter current is then allowed te flow from the source to drain. The contra-
ry is true when biasing the gate by a negative voltage. This can be shown in
Fig. (1-2. ¢). The symbol of the DMoOsFET is shown in Fig. (1-2. b)
We observe that the characteristic curves of the pMos¥FET are similar to
those for the EMOSEET with the added flexibility of permitting positive

or negative control gate voltages.

The MOSFET current IDS is related to the drain, gate and threshola

voltages VDS . VG5 and , ‘\iT respectively, in the different regions of opera -
tion , by :
) z s 2 !
Ihe= ”Cox L [(Vge™ Vp) Vpo - > 1. vy < :ch‘ Vp
i} Z [Ves- V¥1]2 ,
Ihe= BC,, i 2(1- _QL_) , Ve 2 }VGS- Y \ 1-14
where t

Al is the pinch off region length given by:

Vb Uy
Al =k [ -1 ]
Vas "Vr
k:[% Ldthoxf; ]1/3
ox,
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