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» Link to the lecture design of analogue circuits 2022/23
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=ilrepositoryqui&cmdNode=x1&baseClass=ilrepositorygqui

« (Everyone can join the ILAS course)
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* https://adl.ipe.kit.edu/english/28.php
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Books about analog IC design

 Behzad Razavi:

* Design of Analog CMOS Integrated Circuits
* Fundamentals of Microelectronics

* RF Microelectronics

* Design of CMOS phase locked loops
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Moore’s Law: The number of transistors on microchips doubles every two years [SaWGHE

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.

Transistor count

50,000,000,000 GE2IRY  @AMD Epye Rome
72-core Xeon Phj Centrig 24 ™ /
SPARC M7
10,000,000,000 vl P it o g5 Krnose
| e 1 100N ro,
5,000,000,000 SRSy \8 B AMID Ryzen 7 3700X
12-co P(W[Rs » < Kirin 710
B-core Xecn M,hdw EX\ 8 10-C s dwel-E
1,000,000,000 Pentium D Presler . rowERs ° 0 o B :
500’000}000 Haniﬂ]g]n h R \n? 7(Quad Apple A7 [ ‘IVM mublebaL
tanium 2 Mac fison M €@ (\L\lﬂrgf%’drqm? <?r§:2h
folfdale 3M
100,000,000 :
50,0001000 Pentium 4 Northwood, i g B s : ,:
Pentium £ \ MHﬂw aniro ﬂopot < i = s : Apple A1 3
Pentium Il Mabile Dixon, i | - $ . :
AMir‘ji K/ﬂperlmm il ] |ph0ne 11
D Ké-
10,000,000 S PO | e
S,OO0,000 Pentium jmo Pentium || A
Q(\a\mh
Pcumm‘o AMD K5
<
SAYL10 :
1,000,000 ntel8016ce 5 e = e 20E |
500,000 T Eorers S2titgy R
Intel 80384 Inlel o ARM 3
Matorola 68020 @ @ "C'ng
100,000 PERTE,
50,000 @ lntcl 80185
Intel 808¢4p € Intel 8028 o ©/RM 2 Hk? 5
ARM 1
10,000 s B,
5,000 XCA
Intel 6005, /3
¢
Intel 4004
1,000
AL L L S g s . S LG L LR ST MR g gt L S S RN R R
G R A SN, G N UG G R R S SR SR S M S SR SIS S
source: Wikipedia (wikipedia.org/wiki/Transistor_count) Year in which the microchip was first introduced
orldinData.org - Research and data to make progress arainst the waorld's lareest nrohlems licensed under CC-RY hv the anthors Hannah Ritrhie and Max Roser

One of first
CMOS ICs

Moore: Since 1970, the number of transistors on a chip has
doubled every 18 months
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module ADC_digital_v (

I

I

I

|
input comp_in, @
input start,clk,rst_n,

I I
| |
I I
|| | l |
| | | | |
|| | I |
1 i 1 I
1 | 1 | I
P and | and | and |
output [7:0] dig_val, | 3 |y | | 4 | dac_reg<7:0>
output sample,
output sampleb, | |or | | ]or I | |or [ @
output eoc, | | [ I I arallel_en
output reg [7:0] dig_val_reg | . | | - I | < I P -
. < N D ck
’ I A A | Ck I I A A | Ck I I A A | Ck I _>
| MY Y pl | I Y o| | 1} dig_val_reg <7:0>
reg [9:0] sreg; | || | | | g_val _reg <7:
reg [7:0] dacreg; I | | | I I
assign sample = sreg[9]; | dacreg[7] | | dacreg[6] I | dacreg|0] I
assign sampleb = ~sreg[9]; | [ |
assign eoc = sreg[0]; I I I
assign dig_val = dacreg; I not | I not I I not [
wire reset; I | I | | |
assign reset = start; L _ v_J LL v 1 Y . A
comp_in ~dig_val<7>" cmp_in _dig_val <6> cmp_in_ _dig_val <0
always @(posedge clk or negedge rst_n) begin
if (~rst_n) begin
sreg <= 10'd0; code that describes shift register
dacreg <= 8'd0;
end
else begin output register

sreg[9:0] <= {start,sreg[9:1]};

if(eoc) dig_val_reg <= dacreg;

if(reset == 1) dacreg[7:0] <= 0;

else dacreg[7:0] <= sreg[9:2] | ( (sreg[8:1] & {8{~comp_in}} ) | (~sreg[8:1] & dacreg[7:0]) );
end//no reset
end//alw

Not very readable line with bitwise operations that
endmodule describes the combinatorial connections between sreg
and dacreg

17




Netlist

SJNHELAAREQ

[ é 5 3°C

o

itk Wwkw

] Slal: Fasdy
Bt AM ok Sl Options

ToZd C Eaiidakor: spaing z
Haty:

Waveform 1 - SimVision

Elle Edit View Ewplore Format Simulation Windows Help cadence

ENCEEE IR T DR [+ SEREAEEE
| search Names: [signal~l[ = # & “ Search Times: [Value~|[ = 44, i,

19 Time,~] - [133.160,020 =] ps-mv[ RS 'D[ o ‘;I” @Db[ B0 135, 150,02005 + 1
BB e ceene-o

& | Cursor-Baseline v=133,180,0200s

J Time: 8 [1aa.116,020p 1ix] G ¥ T EF

Narne @ Cursor fv

@| %m0

18




Synthesis

Code Netlist Placing Clock tree Routing
=] |

S EnCounter Tsonme, s wasny Desigs soce - Top Cell (acs_cipher_top)

L
Design  EWpChip  Farliton Boorplon Place Gock Bowte  Tewng 50 Power Vonty

vdd
O] &Gl oGl N EE]

P

X (s
5=

E

ffe—
il

| a [§ 58300, 25.0a1)

19




Analog design flow
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T Design Flow - Schematic
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Signal [V]
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Design Flow - Layout

» Layout rules (part of PDK)

« DRC review of layout rules

* Avalanche Layout Schematic Comparison

« Layout -> Netlist <-> Netlist <- Schematic

» Extraction of capacities from layout

» Post-Layout Simulation

* Adaptation of the circuit diagram necessary
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Cells and views

A basic cell: inverter

Vdd
Vss
Views of a cell: Inverter.schematic Inverter.layout Inverter.symbol

Uses basic layout
cells

Uses basic
schematic cells
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Cells and views

* In the case of analog circuits, the lowest level in the hierarchy contains the
components: NMOS, PMOS transistor, capacitor, and resistor. These basic
components are the instances (copies) of corresponding cells.

» In the case of digital circuits, the basic components are the instances of logical gates
and the memory components (AND, OR, inverter, flip-flop).

» Although a chip has billions of transistors (billions of instances, copies), the number of
cells is not large.
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Charge sensitive amplifier
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Charge sensitive amplifier (CSA) consists of a voltage amplifier (“amplifier-core”) with negative
voltage amplification -A and feedback circuit (capacitance C)

Ideal CSA works as an integrator, the output voltage is integral of the input current multiplied by
1/C;

Therefore, the ideal CSA has the charge amplification

_ Vout,max _ i
Aq = Qn  Ct
V..t is the amplitude of the output signal

Entire CSA

Cs
in
D — Vout
-A

Amplifier core

COUt

- 32




Realistic CSA with R; and C; in feedback has the following

transfer function (s is complex frequency): n(®) I
Vout(s) _ o 1 sT¢ _ o 7}
lin(s) _ sCf(sTy+1) (sTf+1)_scfH(S)LPH(S)HP (1) Vour(t) ac
f
Transfer function part S%f describes the integrator > |
1 . . . A
6T = H;p(s) is the function of a low pass filter ‘ Vo)

—>

(S;;fl) = Hyp(s) describes a high pass filter | Hep

Therefore realistic CSA is a combination of anintegrator\> 1

with gain a/C;, low pass- and high pass filter Vou(t)

Such a CSA is an integrator and a filter in one component IHpp HJ\,\
Factor a is equal to ‘ ‘

__ BA . Gy
&= 1+ BA’ with B o Ce+Cq

<

and A voltage amplification (2)

COUt




Time constants

+ The response to charge pulse has two time constants, T, and T;
« T, is the rise time constant and T; is the fall time constant

* In a system with one time constant, the rise time from 0 to 95% of the maximum amplitude takes
three time constants

aQ

« If T;>> T, the pulse has the asymmetric shape and V,,,x ~ =

aQ

SCf
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Animation
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Q/C;
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Q/C;
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Q/C;
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Charge sensitive amplifier - specifications

Let us design CSA with the following specifications:
Charge gain V,; ma/Qi, = 1/2.5fF

The detector capacitance is C, = 100f

The capacitive load is C_; = 1pF

e s Voutmax _ O 1 1
We want that the amplification depends only on C;. Ag = Qt—in =" G s (3). Therefore C;
=25fFanda~1

We specify T; = 2.5us

Correct choice of T, depends on the measurement we want to perform. If the aim is to measure
amplitude, longer T, is better (ideal for highest SNR is T, ~ T))

If time resolution should be optimized, the shortest possible T, is better
We specify T, ~ 50ns

COUt




How large should be amplification A?
To make amplification independent of other capacitances except C; (specification (3)) factor o =

BA
1+pA

(2) should be nearly 1. Therefore it should hold BA >> 1. We chose BA = 10 (4)
vty = Tateroo ™ a0 (O

By substituting B = 1/40 into (5), we get A =400

How to achieve the specified time constants? Let us first take a look to Ts.

Fora ~1,itholds T; = C; R

We specified T; = 2.5us

By substituting T; = 2.5us into the formula for T;, we obtain R; = 1GQ

We will first calculate B: =

COUt
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Amplifier choice

Which amplifier type is suitable for the core part of the CSA?
We chose differential amplifier for following reason:

Differential amplifiers are less sensitive to noise and pickup in power lines — they have good

power supply rejection ratio.
We chose two-stage amplifier to achieve required open loop gain

Such an amplifier is also called operational transconductance amplifier (OTA)

Entire CSA
Rf
1
| M|
Cs
Iin
D Vout
Cq 7~

Differential amp.

COUt
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Two-staqge differential amplifier

The DC voltage gain of two stage operational transconductance amplifier (OTA) is:

A= A1 X A2 = gm,in1 rout1 gm,in2 rout2 (6) with rout1 = rds,in1 ” rds,Ioad1; rout2 = r.ds,in2 ” r.ds,load2
If we substitute the simulated g, and ry values (9., ih1 ~ 70US, g in2 ~ S0HS, Iys pmos = 800KQ,
lgs.nmos = 700kQ) in (6), we obtain A; ~ 25, A, ~ 20 =>A ~ 500

DC gain is therefore large enough to assure o ~ 1 (We obtain o ~ 0.93, BA = 12.5)

T widd!
= idp* « olet]
wt={eTrsalyidp; SRt
n —._q v
out
[
~
p e »—. out
]
a
ol
9o
netl4 JTinIn Tin n{(—n
et wt=ési*su\\*widr\*2) wi={s1*sall*widn*
IZ808n I=dha ref
inn nf= vdd! vdd! T }—Wf*
ref I netl3 net13

Tsocurce
A r«_tgésﬁsd\\*mdnﬂ)

l—‘v‘ﬂ—.—“’ﬁ"—{ jf*&” vdd

=
<]

oy l gnd!

nd
sub! Lg
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Two-staqge differential amplifier

« The rise time constant of the pulse response of the two stage amplifier is:
* T,=C./(Imin1 B); B = C/(CytCy) (V)
+ If we chose C_ = 87.5fF, we obtain from (7) T, ~ 50ns

T widd!
t=(s5 1*salPwidp* dp*2 otk
wi=( 5 D g

n W

ou
bl
T
E
a
ol
Qa
netl4 JTinIn Tin n{(—n
et wt=ési*su\\*widr\*2) wi={s1*sall*widn*
=56 =500 ref
inn nf= vdd! vdd! T }—Wf*
ret I netl3 net13

Tsocurce
A r«_tgésﬁsd\\*mdnﬂ)

l—‘v‘ﬂ—.—“’ﬁ"—{ jf*&” vdd

=
<]

oy l gnd!

nd
sub! Lg
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«  The performance of electronic systems is limited by noise. Without noise, an amplifier would be
able to detect arbitrarily small inputs.

« The main noise sources are 1) the input transistors of OTA Tin1n and Tin1p with its flicker- and
thermal noise, 2) shot noise of detector leakage current and 3) the resistor Rf (thermal noise)

t=(s1*sall* 'dTT;) b Vdvd"“' ﬂtogdwl IFwidp*2) Vdvd"'ﬁtmg II*widp*2)
wt=[51*sall*wi bl =N wt=[s T*sall*widp wt=(sall*widp
1y ot14 net1 C100n net17 | 208n
p L ﬁ‘ a VgAY —‘—q VAl
net14 netl1? out
[
~
F e o
El
a
o Il
9o
nett4 § Tinln (=

T‘Mf’ net17
e b=t Phsaliwidni2) | wi={s1"salltyidps2) frer
=8 ]

|=B3¢r
inn Fm—{ M8 vddl vddl Enies }—%ﬁ
T !
ref I netis net13
gnd! gnel!

net13 Tsource
nfet] r«_tgésﬁsd\\*mdnﬂ)

@&~ ] v

gnd!l 2
oy gnd!

nd
sub! Lg
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The formula for equivalent noise charge (ENC') is:

1 s
ENC? = - (2 X (Cger + Cp)? (mk¢ + TLFT) +SipTe + SIRTf) (8)

The parameters are:

Syt is the power spectral density (PSD) for thermal noise of each input transistor. Syt = 2kTn2/ 3.

8m

with k Boltzmann constant, T absolute temperature and slope factor n ~ 1.25.

Sip is PSD of shot noise of detector leakage current |, Sip = 2eljeax
Sir is PSD of thermal noise of R;: Sjg = %
k¢ is coefficient of flicker noise for each input transistor. Power spectral density of flicker noise is
k/f

2(n.
It can be derived: ks = ue” Mioldssat , \yithy n;, density of traps that generate noise. Factor m is nearly

LGcé)xgrzn ’

tpeak
4 X T, ~16

r

Notice factor “2 x” in eq. (8) because there are two input transistors, whose noise power adds
Questions:
Which noise component gets large for fast amplifier (T, small)?

Which noise components get smaller when we increase the widths and currents of all transistors,
without changing T,?

1: ENC is the input signal that produces the output amplitude equal to root mean square (RMS) of noise
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An optimization method for low noise

+  We have fulfilled the specifications for current, gain and time constant. Let us now optimize the
amplifier to have lowest possible noise.

« To optimize the amplifier, we could 1) scale up the transistor widths in the first stage (parameter
s1), 2) scale up the widths in the second stage, 3) scale up C_ and 4) scale up all transistor widths
and C, (parameter sall)

sall*87.5f

net14 4 Tin1n Tin
et wt=ési*su\\*widr\*2) wi={s1*sall*widn*
=38 %\ %8@@
wdd! vdd! =

Tsocurce
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oy l gnd!

nd
sub! Lg
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An optimization method for low noise

By scaling up first stage, amplifier gets faster, without affecting noise

By scaling down C_ amplifier gets faster and noise increases, amplifier may get instable
Scaling up of second stage makes amplifier more stabile

Scaling up all parameters improves noise, however current consumption increases

We introduced scaling factors s1 and sall to allow optimization of the circuit

t=(s1*sall* 'dTT;) el ﬂtogdwl IFwidp*2) Vdgi" TFZ II*widp*2)
wt=[51*sall*wi bl =N wt=[s T*sall*widp Y wt=(sall*widp
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MOSFET
Metal oxide semiconductor field effect transistor
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«  The state of the transistor is described by two voltages -V and V, and by two currents I, and
I

+ Gate represents only a capacitance, no DC current flows

gs*
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V ..) Characteristic

l4s-V4s Characteristics for different V¢, — e.g. 100mV, 200mV...
In the right line region, the current is relatively independent of V — we call it the saturation region

* ldeally: Iy = lygeqt fOr all Vg > Vyeeat
In the left line region, the current drops to 0. We call this region the triode range. For small Vds,

the current-voltage dependence is approximately linear (linear range)

Triodenbereich Sattigung
A > >
e J— Vg-Vin = 300mV <
i 1 , W 2
.~ i Igssat = 2n puc ox T (Vgs — Vinsb)
VoV = 200mV
I:I, //,, |- /’, / VgS_th = 100mV
4',;’://;\:—’// l]\ / S
> _ Vv
‘/ Vdsat - (Vgs'vth) /n ds

Linearbereich

, W
Iqs = pC ox - (Vgs — Vinsb) Vds
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V,.) Characteristic - Saturation

*  Current in saturation depends quadratically on Vgs
1 ., W
e lgssat = n uc oX T (Vgs - Vthsb)2
+ At the boundary between the saturation and triode region holds: Vg = Vysat = (VasVinsp)/N
* In the saturation range, the transistor behaves like a voltage-controlled current source

Triodenbereich Sattigung

N H >
VeVy = 300mV

N

VeVi = 200mV —

1
1
1
1
/
1
7
7
’
’
’
’
’

| g VoV, =100mv

v

> Vdsat = (Vgs'vth) /n Vds
Linearbereich
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l3s-V4s Characteristic

I dssat

.77 lgssat =

2n

V) Characteristic

Vgs'Vth = 300mVv

v

AN\
lgs
//’l'
. 1
/// ’I
. 1
/’ ,I
/, II
/, ,I :
Pid ’ VgS-Vth B 200mv
,/, //’/
bd j /
.7 . i
L L Vgs'Vth =100mV
7 // ’
[ 0
L7
- — |
/// ,, V |
,’, //// dS
P e
7
/,/ ’//
7
,/
,/
, 2
- . (Vgs — Ven)
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- Transconductance

« The input characteristic is linearized in the area around the operating point -> small signal model

*  The slope of the line g,,, = dly.,/dV is called transconductance.
*  For the small signals, the linear models are used

— dld

ssat

dV.

oQ
3
I

v

&S —_—

H— *
I'=0Om gs

/ v

gs
Vin

dId t 1 /
= d\;gssa lgssat = % uc oxr (Vgs - Vthsb)2

&m lassat = 2L (Vgs - Vthsb)2

8m = \/Zkldssat : (W/L)
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Small signal model
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Small signal model

Vyg~—-V
° Ids = Idssat(vgst) (1 + W) y Vgst = Vgs — Vihsb; Vensb = Vin — (n — 1) Vg
* Vdssat = (Vds'vthsb)/ n

« Small signal. The equation ca be decomposed into DC and AC part vgate 0.45
. . 100y ~ :
* ips =lgspc T ldsac e e
) ’ T vgate 0.
. dlgs dlgs dlgs 80y
e 1 =—Vgs +—Vgs +——V 1 dl
dS,aC dVgs 8s dVgs ds dVgp bs _ Tas = yY9ds = =
_ < 6oy dVas
* = 8mVgs T 8dsVds T 8mbVbs 8
40p +
20u +
0 T T T T T T T T T T T T
0 0.2 0.4 0.6 0.8 1 1.2
Vds [V]
3m
vdrain = 1.5V
2.5m
2m
[2]
G D D 15m-
< ; dl
+ 1= gmvgs 1= gmbvbs 1m 4 Im = dVdS
v r gs
gs ds
- 500y |
S gmb ~ (n_1 )gm 0 T T T T T T T T T T T T
0 0.2 0.4 .6 0.8 1 1.2

Vgs - | 60




Basic analog circuits
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Basic analog circuits
Current source
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Voltage-controlled current source

* Voltage-controlled current source (U-I converter)
« Signal voltage is at the gate
+ Drain is connected to bias voltage to assure transistor saturation. Condition: Vy, > Vat

. It holds

o out = % uC’OX¥(Vin — Vinsb) ?; N is the slope factor n ~ 1.25; V,,, is the threshold voltage Vg, =

0.5V + (n-1) V,

Vbias > Vdssat

_
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Basic analog circuits
Diode-connected transistor
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Diode-connected transistor

\Y/ -V
_ gS~"thsb _
* Vgs = Vgs > " = Vdssat
deshalb

Ids = lgssat

1 12 w 2
° lgssat = on nC ox T (Vgs - Vthsb)

v
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Basic analog circuits
Current mirror
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Current mirror

A current mirror is the combination of a MOSFET diode and a current source

Wdlo 2 Vdsdio_vdssat(vgsdio)
° lin = Ks Ldio ( gsdio — Vth) 1+ v )
A

*  Visdio = gsdio = Vin (diode short)

_ Wout 2 Vdsout_vdssat(vgsout)
o lour = Ks ( gsout — Vth) 1+ v
A

*  Vasdio = Vgsout = Vin (gate connection); Vysour = Vour (definition)
+  Condition1: T, in saturation and
*  Condition 2: V5 > V45 — Vgssat OF Vin ~ Vout

o
o

out

\ =f(U) | W,
¥ | f(U) TOUt Iout = ksLut (Vin - Vth)2

V Lout
Taio :| }i 9 e W (.)u

d
lin = ks_lo(vin - Vth)2

Ldio
<Wout)
I — I Lout
out — lin <Wdio>
Ldio
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PMOS Current mirror

«  PMOS current mirror: Source connected to VDD (positive power supply), current flows "to the
outside"

. NMOS current mirror: Source connected to GND, current direction inwards

VDD VDD

Teo O T

\4 Iin

@ ! Current direction
: ; Current direction
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Basic analog circuits
Common source amplifier with resistor
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Common source Amplifier

«  We can derive the characteristic curve mathematically (with the help of equations) or graphically
(with the help of characteristic curves).

* Load line analysis

T, in saturation

v

Vin1 Vin2 Vin3 "
Output voltage V,
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Common source Amplifier

For the working area where Tin is in saturation (condition is V ; > Vet = Vi - Vy,), We can draw
the small signal circuit.

The voltage amplification is :
A= Vout/Vin = -Om (rds ” RIoad)

L iy
v B)
g% gmvin r = rds”RIoad

out —

C)

“Om rout Vin
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Basic analog circuits
Common source amplifier with active load
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Common source amplifier with active load

+ To maximize amplification, we need relatively large values for g,, and r;.
+ The disadvantage of the amplifier with a linear resistor is that you cannot maximize both g, and
Fout = RIoad ” Mgs-
«  Why?
— Esatl
ldssat

° 8m ~ Idssat |

° I'ds

RIoad blg
If the resistance R,,.q is large, its characteristic curve is R
close to the X-axis. The transistor current is then small. >
A small current leads to a small transconductance Vout
N
Rioag Small

If R,.aq iS small, the characteristic curve increases. The
transistor current and gm are higher. However, because
of the small R4, the gain is small.

5

v

out
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Common source amplifier with active load

* Aload characteristic curve that rises relatively quickly and then runs horizontally in the large area
would be better than the characteristic curve of linear resistor.

\ This characteristic curve would be better

N

\
%\
\/ Vout

Ri0aq Characteristics

v

74




Common source amplifier with active load

« A PMOS current source has an almost ideal characteristic curve

VDD PMQOS T,,,4 Characteristic

N

\ This characteristic curve would be better
Vg = const —
Tload I ——

- E—
ol V

Ri0aq Characteristics

v
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Common source amplifier with active load

+  We get a better amplifier when we replace resistor R4 with a PMOS current source
* Aload element realized with a transistor is called active load

Bias circuit

Teo | D=0l Tew

@ - CVS{ T
N J

Bias circuit for the current source in the form
of MOSFET diode and a current source.

Simple implementation
of the bias circuit
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Feedback
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Feedback

An important technique that turns the non-ideal active components into good linear amplifiers is
negative feedback. Feedback enables the design of precise amplifiers and oscillators

Feedback: Automatic regulation of the voltage v to the “threshold”
FB allows, in addition to control, also signal amplification

ViN = Alnvs + Bvo

v,y = const (Regelung)

— 2IN dVS = dVS AFB

dVO =

/ N

high-gain-region
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Differential amplifier
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» Differential amplifiers

Differenzsignal inp

>< \
Vi /

\

/

Gleichtaktsignal Vinp

V
~ il
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Differential amplifier small signal model

» Differential amplifiers

1

1

i

1

+ |
A _ :

Om,in (Vin1 - Vin2) Fout = r.ds,in”rds,m '
1

1

= |
1

1

1

1

1

1

1

1

Vout
Vin1 Vin2 ' Vint Fout Vout '
Tint Tin2 | |
! + + !
! 1
1 1
S | gm,in Fout (Vin1 - Vin2) '
1 1
v Vin2 - - i
1 1
Rbias ' !
1 L e e
! 1

___________________________________________________________

Small signal model with a voltage source
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Layout
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drawn layout layers

Cross
section

S GD G S

generated from NW and DN

p-substrate (sub!)
deep n-well
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Cross
section

drawn layout layers

|

|

Si substrate
Cross section
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Not transparent

[

|

Transparent part
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L)) ===

(Glass and metal)
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lon implantation or diffusion

deep n-well (DN)
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Polishing

deep n-well (DN)
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deep n-well (DN)
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deep n-well (DN)

1

9




lon implantation or diffusion

deep n-well (DN)
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PW-Mask
(negptive of NW mask)

deep n-well (DN)
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PW-Mask
Adjusted for high voltage

PW blocked

3
a
o]
F
=
(o8
(3
@
o
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nrtlon or diffusion

'f

Y

3
a
o]
F
=
(o8
(3
@
o

95




deep n-well (DN)
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RX-MaskK defines active regions

deep n-well (DN)
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Etching of a trench

)

f deep n-well (DN)
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Trench filled with oxide (trench isolation)

deep n-well (DN)
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Gate oxide is formed by thermal oxidation

deep n-well (DN)

00

1




deep n-well (DN)

1

0

1




Polysilicon-contacts (PC) formed by deposition

deep n-well (DN)
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BP mask gefines p+ doped layers

deep n-well (DN)

03
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BP mask gefines p+ doped layers

deep n-well (DN)

04
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BP mask gefines p+ doped layers

Only active regions and poly are doped

deep n-well (DN)
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deep n-well (DN)

06

1




