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1. Introduction
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Given Objectives

J
. . . S.Nr| Characteristics Specification values
Objective of the project: | open Toop Gain 00
* design of an folded cascode 2 | Gein Bandwidth 10 MHz
. . 3 h i 60 °
operational amplifier e e -
4 Settling Time <1ps
e using a new high voltage 5 Slew Rate 200 V/ps
technology (,,H35* 20 V) 6 Offiet 5 v
7 Input CMR +6V
8 Output Swing +8V
Meeting these specifications =» 9 CMRR >100 dB
10 | Power Dissipation Minimum
11 | Area Consumption Minimum
12 Voltage Supply 20V
13 | Load Capacitance 10 pF
14 Load Resistance 100 kQ
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[ Motivation (1) J

The used folded cascode topology offers the following
properties:

* good common-mode range
 self compensation

« High gain

« Relatively low power-dissipation
« High output resistance

The special challenge of this project was the transfer of
this circuit to a high voltage CMOS technology
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Motivation (2)

The high voltage CMOS Technology H35 provides a high

voltage capability up to S0V.

In the project, the symmetrical 20V variant with thick oxide

is used (,,xMOS20HS*)

Disadvantage:

Less K°, /K’ as in 3.3V technology

m
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2. Schematic Design
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Practical Version of the Amplifier

Figure 6.5-7 from VDD
Allen/Holberg [1] Ly, b " _ |
M14 M4 l14 M5 115
A B
RA Rp
111 llz H f
M13| M6 116 M7 l“
+°_|KM1 M%—_I Rlé O Vout
Vin " § 9 ki
- 2 ——CL
& py
% M§ M9 =
w7 vz L5
VBIAS —'] MIO Py M1I
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Schematic Description (1)

This 1s a special current mirror sink, with
the following attributes:

o | o
R Y,
« High output resistance N
* Small saturation voltage i N
« Low power dissipation L A <
» Self biasing B E
« High swing
1 e M0 Lo
This current mirror sink, and the current l =l i !
mirror source are the basic modules of the o
folded cascode op amp. R :
_____ g SunE
B 9 Benjamin Lutgen (1155



Schematic Description (2)

Another basic module:
* The differential pair with a R EEREEREERY FRNY
| e
constant common current. : '
e M3 works as current sink TR P
DC Response
— 182D A8im1/D — A5M3/0
o SRR R
350 St | EEE R
___________ LY e
o oMEas “”S'Ir S
\ ............ = | - - - - - - - .
250 SRR 1) SN
o0 = e {?,n\” 2 R U I TRt e . . . . .
This are the currents of the pair, during a DC-sweep of +Vin - -~ -~ - -~~~ -~~~
it N
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Schematic Description (3)

Qut
......... I - R

Allen/Holberg — CMOS Analog Circuit Design ——————— Tve s S
[] o e
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Design Plan (1)

lable 6.5-3 Design Approach for the Folded-Cascode Op Amp

Design plan from Relationship/

Step #  Requirement Design Equation/Constraint Comments

Allen/Holberg - CMOS | ... h=SR-G
Analog Circuit Design ~ + »yogerows ootz N caie

[1] Was used for \ Maximum output 85 = “2{", T 35— Vsps(sat) =Vspy(sat) =
.. voltage, v ,(max) K Vsos Kry '“\’? j Vop — Vou(max)
determining the values of R o PR 2

the tranSiStor and | Minimum output Sy = 7 T Vpsolsat) =Vps(sat) =

voltage, vy, (min) ’ « RE 117
oltag " 2e Vou(min) — .h_\_.

resistors s :

Let Sjp = S, and Sz = Sg

Self-bias cascode R, = Vgpya(sat)l; and Ry = Vpg(sat)ly
Em1 1 g .5.‘-:.-.|

1 B =— 5 =8= = —
: il S 17 7

Minimum input CM Sy - — -! —

[ 3
K'y | Vig(min) — V. —— —V.
N mir 55 \ K'vS, Tl
24 5 i
8 Maximum input CM SP SN SIT P R S; and S5 must meet or
Kp (Vpp — Vig(max) + Vp)* exceed the requirement
of step 3

9 Differential voltage gain  Eqg. (6.5-18)
10 Power dissipation Py = (Vpp — Vsg)Us + L1 + Iip + 1)

]
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Design Plan (2) Transistor Groups

° M12 L

(O8]

M13 5

4,5,6,7,13,14

L Y FEEEEA EEE0 EEEETEEEHEETA0 SHEFRY FHNS <Pl P EERE SR

....... Ry = . R

< X X £

12 o
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Design Plan (3)

Design Plan

Step 1 I3 = 2,00E-03 A = 2,00 mA
The calculations of the  str: Factor k = G2 Raokobs Transistor ratios
. ls = 2,40E-03 A = 2,40 mA
design plan were o - i - — . :
: Sl = Transistor widths
realized in an Excel- swes [ - i -
b B Vspr = 1V l
Sheet’ prOVIdlng Very S, = 4,00E+02 = 400 max 249
(3
fast recalculations. S = aooEw2 = 400 MO max 249 Transistor widths *_
S = 4,00E+02 = 400 max 249 @ Length 2 ym
Given Specifications O Factor is; = 1,00 Ratio Is to I Trans. Ratlo  Width
==
Characterlstltl:s Symbol pecitication Values Se = 4,00E+02 = 400 max 249
Open loop Gain > 100 dB M1 0 0 MM
Gain Bandwidth GB|  1,00E+07 Hz St = 400E+02 = 400 max 249 M 0 0pm
Phase Margin PM| > 60 ° Si3 = 4,00E+02 = 400 max 249 2
Settling Time < 1,00E-06 s Step 4 Vbso = 1V M, 0 0 um
Slew Rate SR|  2,00E+08 Vis Vost1 = 1V M, 400 800 um
Offset S.00E:06 V [Factor irg = 100  Ratiol;tolg Ms 400 800 pm
Input CMR Vin(max) 6V s _ 1 23E+02 _ 123
Vip(min) -6V ° B ' = Ms 400 800 um
Output Swing Vou(max) 8V Se = 1‘2_3E+02 = 123 ] My 400 800 pm
Vou(min) 8V |Factor ir¢: = 1,00] Ratio l7 to I+ M 123 246 um
s
CMRR > 100 dB Sq = 1,23E+02 = 123 -
Power Dissipation Piss min 310 = 1,23E+02 = 123 Mg 123 246 MM
C“Ta C°':””‘|p“°” - "‘1'; - step5  |R = 417E+02 = 417,00 Ohm Mio 123 246 pm
t
oltage Supply Vno e R, = 4,17E+02 = 417,00 Ohm My4 123 246 pm
Ss -
Load Capacitance 1,00E-11 F Step 6 S = 1,28E-01 = 0 min 3 Miz 0 0 um
Load Resistance = 1,00E+05 Ohm S, = 1,28E-01 = 0 min 3 Mys 400 800 um
Step 7 S; = 3,33E-01 = 0 min 3 Mg 400 800 um
Process Parameters Sz = 4,17E-01 = 0 min 3
isti Specification Val . .
Sharpclerisics  Svmbol | Speeonane step8  [S. = 82646281 - 83 OK S¢andS5haveto | This shows only the first tentative
Gain Factor K'y 3,90E-05 A/NV? .
m 120505 AN Ss = 82,6446281 = 83| OK | be bigger as here
p : » Values not correct
Threshold Voltage |V 154 V Step 9
Vi 18V Step10  |Pdiss = 184E01 = 184,00 mW |
]
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First Approach

Design Plan
Step 1 I3 = 2,00E-03 A = 2,00 mA
B t . th . f. t. . t Step 2 Factor k = 1,20 Ratio I3 to I45
Yy entering tne specirications mto L _ SAEOIA = VT T
h d M 1 M b Is = 2,40E-03 A = 2,40 mA
the design plan 1t became steps v —
b . h h 1 Vspr = 1V
obvious, that the transistor- S - soEs2 - max 249
. ° Ss = 4,00E+02 = max 249
ratios were not feasible. Sw | - a2 - max 249
Factor is7 = 1,00 Ratio Is to |7
S = 4,00E+02 = max 249
. . . S = = 249
Given Specifications . :gg?gz max oo
o P = , + = ma
Characteristics Symbol Specification Values 8 X
V, =
Open loop Gain > 100 dB Step 4 pse TV
Gain Bandwidth GB|  1,00E+07 Hz Vosin = v
: ’ [Factor ire = 1,000 Ratiolstols
Phase Margin PM| > 60 °
- - Sy = 1,23E+02 = 123
Settling Time < 1,00E-06 s
Sg = 1,23E+02 = 123
Slew Rate SR 2,00E+08 V/s |Factor o - 1,00| Ratio I to I1;
Offset 5,00E-06 V/ s B P P
11 = 3 -
Input CMR Vin(max) 6V S1o = 1,23E+02 = 123
Vin(min) BV Step 5 R = 4,17TE+02 = 417,00 Ohm
Output Swing Vou(max) gv R, = 4176402 = 417,00 Ohm
Vou(min) -8V Step 6 S, - 128601 = 0 min 3
CMRR > 100 dB S, = 1,28E-01 = 0 min 3
Power Dissipation Piss min Step 7 Ss = 3,33E-01 = 0 min 3
Area Consumption min Si2 = 4,17E-01 = 0 min 3
Voltage Supply Vop 10V Step 8 S, = 82,6446281 = 83 OK |S4 and S5 have to
Vss -10V Ss = 82,6446281 = 83 BOKN be bigger as here
Load Capacitance 1,00E-11 F Step 9
Load Resistance = 1,00E+05 Ohm Step 10 Pdiss = 1,84E-01 = 184,00 mW
]
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Second Approach

Design Plan
Step 1 I3 = 2,70E-03A = 2,70 mA
B . f . h ° f‘ ° Step 2 Factor k = 1,20 Ratio I3 to Iy 5
y modifying the specifications - e — D
t d M th D ° Pl 't Is = 3,24E-03 A = 3,24 mA
entered in the Design Plan, i s —
-bl h . Vsp7 = 1,5V
was poSSIDIC to achieve S: | = 240Ev02 = 240 JORN max 249
° ° . Ss = 2,40E+02 = 240 OK |max 249
feasible transistor-ratios Su - 2aokr2 = 2400 0K max 249
Factor is7 = 1,00 Ratio Is to |7
S = 2,40E+02 = 2401 OK max 249
. . . S = = 249
Given Specifications o 2:8?82 zig SE max oo
pr— = +| =
Characteristics Symbol Specification Values B ; max
vV =
Open loop Gain > 100 dB Step 4 pse 15V
- - Vpst1 = 15V
Gain Bandwidth GB 3,50E+07 Hz
: [Factor ire = 100]  Ratiolstols
Phase Margin PM| > 60 ° s 7 38E201 o
= i + =
Settling Time < 1,00E-06 s Sg . 74
. = i =
Slew Rate SR 1,80E+08 V/s |Factor i _ 1,00| Ratio I; o I1;
Offset 5,00E-06 V s _ e —— — -
11 = 3 -
Input CMR Vin(max) 6V St - 7 .38E+01 _ 74
Vin(min) BV Step 5 R = 4,63E+02 = 463,00 Ohm
Output Swing Vou(max) av R. =  463E+02 = 46300 Ohm
Vou(min) 7V Step 6 S, - 2.62E400 = 31 OK | min 3
CMRR > 100 dB S, = 2,62E+00 = 3/ OK min 3
Power Dissipation Puiss min Step 7 S3 = 1,92E+01 = 19/ OK min 3
Area Consumption min Si2 = 2,40E+01 = 24" OK min 3
Voltage Supply Voo 10V Step 8 S, = 111,5702479 = 112 OK ' S4 and S5 have to
Vss -10 vV Ss = 111,5702479 = 112 BOK be bigger as here
Load Capacitance 1,50E-11 F Step 9
Load Resistance = 1,00E+05 Ohm Step 10 Pdiss = 2,48E-01 = 248,40 mW
it
. . 0
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Second Approach Simulation Results

AC Response

[T Rasponse

£ln I e Ldn ]
125 . 15
10
100
754
_5- 0
&0
5.1
25 R 1T
o
10
0 | g ! i) 1 el ] - — B |
1o 10! 10? 1o 0 108 107 108 19 50 0 10
freq (Hz) de (V)
[]
Ti s . Dy gm amis
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[ Second Approach Conclusion

Due to the different characteristics of the H35 technology
» Very little amplification (- 10
» High offset >1V)

» High power dissipation (400 mw)
» Non-linear

=>» changing several input specifications for design-
plan

‘. et
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Final Solution

Design Plan
Step 1 Is = 2,00E-04 A 0,20 mA
After several attempts a promisin e Faor o
p p g Iy = 2,40E-04 A 0,24 mA
. f . Is = 2,40E-04 A 0,24 mA
design was found: seps [ m
. o . Vspr = 1V
e Low power dlSSlp ation Si = 4,00E+01 40 IBKH max 249
Ss = 4,00E+01 401 OK max 249
* * S = 4,00E+01 40! OK max 249
» Relatively small transistors Factoriy 00 Relokto,
Se = 4,00E+01 40/ OK max 249
. . . S = +
Given Specifications ___ So - sooeer ol oo
Characteristics Symbol Specification Values ;
Open loop Gain > 100 dB Step 4 zose = 1 z
B . DS11 =
Gain Bandw.ldth GB 1,00E+08 i—lz |Factor o 1,00| Ratio I 1o I
Phase Margin PM| > 60 S, - 1 23E+01 2
Settling Time < 1,00E-06 s Ss - 1.23E+01 12
Slew Rate SR 2,00E+07 V/s |Factor iy 1,00| Ratio I to I
Offset 5,00E-06 V Sy = 1,23E+01 12
Input CMR Vin(max) 6,5V S1o = 1,23E+01 12
Vin(min) 65V Step 5 R, = 4176403 4167,00 Ohm
Output Swing Vou(max) 8V R. = 4,17E+03 4167,00 Ohm
Vou(min) 8V Step 6 S = 1,28E+02 128 OK | min 3
CMRR > 100 dB S, = 1,28E+02 128 OK min 3
Power Dissipation Paiss min Step 7 S; = 3,31E+00 3 OK min 3
Area Consumption min Si2 = 4,14E+00 4 OK min3
Voltage Supply Vop 10V Step 8 S, = 13,84083045 14 OK S4 and S5 have to
Vss -10 vV Ss = 13,84083045 14 BOKY be bigger as here
Load Capacitance 1,00E-11 F Step 9
Load Resistance = 1,00E+05 Ohm Step 10 Pdiss = 1,84E-02 18,40 mW

[ ]
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Measurement Setup

*Offset compensation

*Supply Voltage For AC and DC analysis

‘\/WG)
Mgt \rdc 53¢, 0Bu

|
- s
G

R i,
FoldedCascoded  yuoq > )
—Vin al e
' p = ! T rpoly
i T : b c=18p
o [ areg=1.1398e—08
= ] pern{ﬂeter 2299.6008u
*Signal input
Y B A A \
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Final Solution Simulation Results (1)

Dependences

* For increasing the gain it
showed out, that the best way
was just increasing M, in
width, to get more current in
the differential pair.

« Changing M; even decreases
the offset

M1/2 M3 M12 1 2
Increase J
Gain | N | RO
Increase
Phase vV | vV | 00|06
Margin
Increase N
O OO
aw | Ty a
Legend
A |Make wider
V¥ [Make smaller
7Y |Has a maximum
© |Not measured

]
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Maximizing Gain (1)

Voltage amplification . . . .
o Finding the best width for M, with
20000 / maximum gain and PM > 60°
izgg — M3 [M12] 13 |Comp.Offset| Av | GBW | PM
12000 6,0 8,0| 198,4 yA [+ 4430,00 uv | 2.018[ 12,59 MHz| 83,38 °
< 10.000 12,0| 8,0/ 398,7 pA |+ 1940,00 uv | 5.060( 17,62 MHz| 78,49 °
8.000 12,5| 8,0| 415,5 pA |+ 1810,00 pv | 5.440( 17,96 MHz| 77,94 °
jzgg — 13,0 8,0] 432,2 pA |+ 1670,00 pv | 5.900 18,28 MHz| 77,34 °
5 000 13,5| 8,0| 448,9 pA |+ 1550,00 uv | 6.370| 18,56 MHz| 76,69 °
o 14,0| 8,0| 465,6 pA |+ 1430,00 uv | 6.910 18,82 MHz| 75,97 °
EER R B N O = 14,5 8,0[ 4824 pA |+ 1320,00 pV | 7.520( 19,04 MHz| 75,15 °
Width M3 [um] 15,0| 8,0/ 499,1 pA |+ 1190,00 pv | 8.228( 19,23 MHz| 74,22 °
15,5| 8,0/ 515,8 pA |+ 1070,00 pv | 9.060| 19,36 MHz| 73,14 °
Gain Bandwidth and Phase Margin 16,0| 8,0/ 532,5 yA [+ 962,38 uv [10.009] 19,44 MHz[ 71,84 °
20,00 90,00 16,5| 8,0| 549,3 pA |+ 849,02 uv |11.191[ 19,41 MHz| 70,23 °
18,00 85,00 17,0| 8,0/ 566,0 A |+ 735,94 pv |12.681[ 19,23 MHz| 68,10 °
16,00 N S\ 80,00 17,5 8,0| 582,7 pA |+ 622,27 pv [14.659| 18,74 MHz| 65,00 °
gm,oo D ——— \ 75,00 17,6 8,0| 586,0 pA |+ 598,93 pv [15.142( 18,57 MHz| 64,18 °
g 1200 ~_ 70,00 £ 17,7| 8,0/ 589,4 pA |+ 576,29 uv |15.658| 18,36 MHz| 63,26 °
§ 10,00 65:00% 17,8| 8,0 592,7 uA |+ 553,38 uv |16.218] 18,11 MHz| 62,21 °
@ 50 \ 6°'°°§ 17,9| 8,0/ 596,1 yA [+ 530,08 uv |16.829) 17,80 MHz
8§ °% \ 55.00 18,0| 8,0/ 5994 A |+ 506,24 uv [17.502] 17,40 MHz
00 50,00 18,5] 8.0/ 616,7 pA |+ 385,05 pv |22.210] 12,98 MHz
2,00 45,00
o0t Lo All other transistors according to the
C S Ao eI 9S8 ser2rR2s e .
T P ot final solution values.
- T
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Maximizing Gain (2)

Differential Pair currrent and Offset
700,0 5000,00
+ 4500,00
600,0 —
—+ 4000,00
500,0 + 3500,00
E‘ 400,0 i T 3000,00 >&
= + 2500,00 "3‘
(3]
300,0 / 1 2000,00 &
200,0 -+ 1500,00
-+ 1000,00
100,0 |
— 500,00
0,0 T T T T T T T T T T T T T T T T T 0,00
O O v 9 |V 9o |W 9o WV Qo W9 VY N®© QO Y
© ¥y 00 ¥ I L L O orREREREEDLRQ®
Width M3 [um]
‘. 0 [y
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Final Approach Simulation Results (2)

AC Analysis (linear) / DC Analysis

in Differential Mode

AC Resp D Ras,
Oue
5 | 100
'.[II]-
5.
25
1 i 1 T
freq (Hz) )
[]
. . fygm amie
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Final Approach Simulation Results (3)
AC Analysis (dB) / DC Analysis 1n Differential Mode

AC Response DC Response
Hino —f+in JOut in —1+In fOut
100 10 100
5
80.0
50
ks
600 25
_ o
s =
S 400 R
% =
25
200 50
L5
15
0
10,01
200 10 12
10° L 102 108 14 10° 108 1’ 108 ‘50 35 0 25 50
freq (Hz) de (mv)
ol onan
. . fygm amie
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Final Approach Simulation Results (4)
AC Analysis (linear) in common mode

C Resp
/netd
125
|
\
\
\
: |
10

|
\
|
750 }
1
\
_ \
= |
= 500 |
s \
|
|
\
1
\
1
\

1 \ L L LT
| ]
|
\

0 | | | .
100 10! 1 1 10 10° 108 1 108
freq (H:
‘. anan
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[ Measuring the Characteristics (1) }

CMRR [input: sinus with 1 mV amplitude]
Differential mode output: 16829 mV Measured on the plateau

Common mode output: ~ 0.213 mV atlow frequency

16829 _ 2900938 2/97.9548

0.213

P

diss

Max current 1n differential mode: 1,106 mA

1.106mA-20V =22.12mW
——
Area Vsupply

155 - 200 gm = 31000 m” =|0.03 lmm”

‘. et
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Measuring the Characteristics (2)

ICMR
+8.5V

Fig. 6.6-10 [1]

|
+ s
& o S

Fig. 6.6-10 [1]

‘. e
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Measuring the Characteristics (3)

Output Swing

Fig. 6.6-11 [1]

+8.6 V

Fig. 6.6-11 [1] g ——— e —— IR e LS S B EE B EEE

i s
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Measuring the Characteristics (4)

Slew Rate
Rise: 27.052.69 V/us Fall 35.337 V/us

——
=
+ | IF
gl =3

Fig. 6.6-14 [1]

‘. (e
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Measuring the Characteristics (5)

Settling Time
Rise: 168.6 ns Fall 149.0 ns

[]
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3. Layout Design
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High Voltage Layouting (1)

Transistors from high
voltage library:

* Many different layers
(different doped
TUBS)

* Very restrictive layout
rules

* Protective structures

NMOS
* QGuard ring (to Vdd)

 For folded Transistors
-> multiple Gates

i et

- s . Dy amis
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High Voltage Layouting (2)

PMOS
* Inner guard ring (to Vdd)
e Outer guard ring (to Vss)

 For folded Transistors ->
common Gate

» Protective Metall-Layer
over the transistor

[ ]
)
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[ Final Layout (1) J

The following layout 1s only principle

» Due to the time intensive design plan, there was not
enough time to design a matched layout.

=» The actual layout is very sensitive to process variations

» Matching of the layout is possible

‘. L
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LVS Log

Kok kkkhkkkhkkhkkkkhkhhkkhkkkkhkkhhkkkkhkkhkkhkkhkhhkkkkkkhkhhkkhkkhkhhkhkkhkhhkkkkkkhkhhkkkkhkhhkkhkhkkhkkhkhkkkkkkkkkkkkkk Kk * k%

s FoldedCascode2 schematic TESYS BL_P1l <vs> FoldedCascode2 layout TESYS_BL_Pl HK Kk KKk
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Filter/Reduce statistics only. Network matching was OK.

Pre-expand Statistics

Original
Cell/Device schematic layout /
(NMOS20HS) MOS 9 3% // (M3
(PMOS20HS) MOS 9 1* // (M17
(RPOLY2) RES 2 0* /
(_, nmos20hs layout PRIMLIB 1="2u" mult="8" w="  32u" wtot=" 256u") Cell 0 2% // (M1
(_, nmos20hs layout PRIMLIB 1="2u" mult="3" w=" 8u" wtot=" 24u") Cell 0 4% // (M8
(_, pmos20hs layout PRIMLIB 1="2u" mult="4" w=" 20u" wtot= 80u") Cell 0 6% // (M4
(_, pmos20hs layout PRIMLIB 1="2u" subGuard=FALSE w="14.5u" wtot="14.5u") Cell 0 2% // (M1
(_, rpoly2 layout PRIMLIB Bends=9 Dummy=TRUE 1="145.85u" r="4167.14" w="2u") Cell 0 2% // (R1
Total 20 20
Reduce Statistics
================= Original Reduced
Cell/Device schematic layout schematic layout
(NMOS20HS) MOS 9 31* 9 9
(PMOS20HS) MOS 9 27% 9 9
(RPOLY2) RES 2 2 2 2
Total 20 60 20 20
Schematic and Layout Match
# M17 is created from PRIMLIB and then the substrate contacts are removed, to aviod DRC errors. Now M17 is regarded as drawn by user.
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4. Summary and Conclusion
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Comparison Specification/Achieved Values

-
S. Nr Characteristics Specification Values for the Design Mesured Values Mesured Values
values Plan Schematic Simulation | Post-Layout Simulation
1 Open loop Gain > 100 dB 100 dB 84.52 dB (*16829) 84.59 dB (*16954)
2 Gain Bandwidth 10 MHz 100 MHz 17.80 MHz 15.809 MHz
3 Phase margin >60° 60 ° 60,99 ° 52.09°
4 Settling Time <1us 1 us 74.09 ns -
5 Slew Rate 200 V/us 20 V/us 25.693 V/us -
6 Offset 5uVv 5uVv 530 pv -
7 Input CMR t6V +6.5V +85V -
8 Output Swing +8V +8V +86V -
9 CMRR > 100 dB 100 dB 97.95 dB -
10 [Power Dissipation Minimum Minimum 22.12 mV -
11  |Area Consumption Minimum Minimum - 31000 pm?
12 Voltage Supply 20V 20V 20V 20V
13 [Load Capacitance 10 pF 10 pF 10 pF 10 pF
14 Load Resistance 100 kQ 100 kQ 100 kQ 100 kQ
Comp. Offset - - 530.08 uVv 2.634 mV
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[ Discussion J

It was not possible to reach all the specifications, but also
some specifications were exceeded.

 The HV design just reached a gain of 84.5 dB, mostly
limited by the lower K’-values . A low voltage folded

cascode op amp should easily reach more than 100 dB or
even 120 dB.

» The offset of the op amp 1s very high, and tentatively
compensated by an external voltage source.

e The slew rate/settling time diagram shows an unusual,
non smooth characteristics
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[ Conclusion J

« Analyzing, understanding the topology, getting good
transistor values from the design plan [1] and get better
gain and more stability was very difficult and time
intensive because the HV-technology has not the same
behavior than a low voltage technology.

e Assura (layout checking tool) had problems recognizing
the pins during the LVS (Layout Vs Schematic) check

— Solution: changing the rule-file “extract.rul” according
to [4]

» The designed operation amplifier 1s not excellent, but on
schematic level good enough to be used in an
application.
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Used Tools

* Sun Solaris 9.2

e (Cadence HIT-Kit v3.72

e Assurav3.l

e Austriamicrosystems’ high voltage transistor-technology (20V) H35
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Thank You
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