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Gm/Id analog design in bulk and SOI CMOS
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Gm/Id analog design in bulk and SOI CMOS

LSynthesis Problem

SPICE-like approach

inputs : W, L, Vg ... > simulations —>fT, Ay dm -

optimizer(starting point ?)
"Hand" estimation

specifications — small-signal circuit model — gy, g4 ... — device model — sizing

efficiency + complexity of circuit and device models

Systematic approach

hand estimations + numerical tool (MATLAB) + g,/Ip model or measure

Gm/Id analog design in bulk and SOT CMOS
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Outline

1. Small-signal approach / modelling

2. Process assessment of analog performance with Gm/Id
- Definitions, Modelling

- SOI vs bulk

3. Output conductance (Vea),Intrinsic capacitances,
Mismatch...

4. Single-stage OTA design
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Gm/Id analog design in bulk and SOl CMOS

Small-signal approach / modelling

. B g
i=j.0.C=-gm-Vin - 8d-Vout = Ay =- m
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Gm/Id analog design in bulk and SOI CMOS

Small-signal approach / modelling

g4="? Ip
sed
< Ipg
VaouVga - 15Lorder model

(VEA -20...30V for L=2...3 um)

_.8
Ayo=- 2. VEA

g -ID /VEA =
d 0 Ipo

Vea (=l4/g4 ) is preferred to g, to avoid dependence on |
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Gnv/Id analog design in bulk and SOT CMOS

Small-signal approach / modelling

Zm / ID ?
. ) g 2 2,
in saturation : % = VoV, = % p= u-Cox.‘%
I strong (does not depend on MOS sizes,
| Inversion 7 i ! (-
s | (i) only on inversion degree !) > I'=Ip/(WIL)
‘I’th
0 Vg
Ip L ZID ZZIH(ID)_ 1
(log) | D ZVg ZVg nUg
Vin
VG
/ W€3k| (UT =k.T/q-26 mV at RT®,
/nversion, = theoretical max. - 38 V '1)
w.i)
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Gnv/Id analog design in bulk and SOT CMOS

Small-signal approach / modelling

spécifications W 3000 T
oo’ L ! fr-= 100 MHz
Avo L 500 \ | T
‘ —
- : :
vVg?) fr 1500 \ | WO = 57 AN
G? (Cp) . Cox

) 1000
1) Strong Inversion

gm=2.§.fT.CL&
_ ]/2.[;. D MY 4 o
gm - = 1 1 1 1
n gm/lpo= 21,12, 6, 2Vl
n.(oT.C)2 Ayo= 52,47, 41, 32dB (VEA=20V)
21Cox D0 VG =083,096,1.13,25V Ven=09V)

5001

w
L

2) Weak Inversion | gmmax = ID/(#Ur) => Ip=nUrer.Cy
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Gm/Id analog design in bulk and SOI CMOS

Small-signal approach / modelling

W/L 50
3000f \ | g 1 20
EKV
2000F 1 30
" 20
10001 h
10
Po- 103 Ipo 1072 0
EKV model
_ 0)
o 1 (1-¢ - Ip
gm /D = : [ " - W 2
n.UT IC 2 n.u.COX.f.UT
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Gm/Id analog design in bulk and SOI CMOS

Outline

1. Small-signal approach / modelling

2. Process assessment of analog performance with Gm/Id
- Definitions, Modelling
- SOI vs bulk

3. Output conductance (Vea),Intrinsic capacitances,
Mismatch...

4. Single-stage OTA design
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Gm/Id analog design in bulk and SOT CMOS

Transconductance / Current Ratio (1/V)

SOI vs Bulk 2 um MOSFETs

40
35 l---.\_ 501
30
25
20
15

/1
Em'D T\ [/ 2.n.Cox WL

n.ID

10
5

10-6 104 102 100

Hm experimental data

— EKV model (EPFL)

Drain Current / (u.Cox.W/L)

Body effect !

|—> nfactor

= gate/substrate coupling
(i.e. Sinw.i.

Yins.i.)

Gm/Id analog design in bulk and SOT CMOS
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Gm/Id assessment

Body effect in bulk/PD MOSFET

Bulk Si MOSFET

0 0.5 1 1.5 2
ox Gate voltage (V)
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Gm/Id analog design in bulk and SOI CMOS

Gm/Id assessment

n-= f(VGB) @ VBS = O, n= f(VGB) @ VBS = -05 \Y
n=constant=1.4

30 30 |

2571 251

No Vg dependence

/

201 201

Gm/Id (1/V)
Gm/Id (1/V)

5t 5t
O o5 1 15 2 9510 o7 o
Gate voltage (V) Id/(W/L) (A)

Constant « n » value: OK as first-order evaluation
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Gm/Id analog design in bulk and SOI CMOS

0.25 um FD SOI MOSFETs

o H 1 H
® .+ ' _
x*’%}‘w ; «1=0.25um
Raad<s 00‘*‘:’::3.:, whi |
+ |

* -
‘No.“:.l'h. ® L=0.35um
| * L=0.5um

30 - | ! L=0.8pm
‘ .ﬁ& * L=1pm

25 T__ eL=" )
- ++= « L-independence »

20 4 i i % =L=aopn

15

10 4

1 vd=1V

0 ; ; ; | ; | ; | ‘
1E-13 1E-12 1E11 1E-10 1E-09 1E-08 1E-07 1E-06 1.E-05 1.E-04
Normalized Drain Current (Id/(W/L)), A|
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Gm/Id analog design in bulk and SOT CMOS

Outline

1. Small-signal approach / modelling

2. Process assessment of analog performance with Gm/Id
- Definitions, Modelling
- SOI vs bulk

3. Output conductance (Vea),Intrinsic capacitances,
Mismatch...

4. Single-stage OTA design

@[ Microelectronics Laboratory D. Flandre

Gm/Id analog design in bulk and SOT CMOS

Early voltage
Vea (F14/04) is preferred to g, to avoid dependence on I

Bulk Si MOSFET
Via (V) in 2pm bulk and FD processes

40

GVO=-02..08V/02V

30

20 +
SOI MOSFET
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Gm/Id analog design in bulk and SOI CMOS

Early voltage
Similar L and V dependencies in 0.25 um processes: = 10 V/um_L

> 300
% Channel length, um
= €0.25
izso e
E A05 |
200 - [0.6 ~--momo oo ®-mee-
038 |
150 4 XY B
02 !
*5 ‘
100 |
| [
R ,——— T : ffffffffff * O
® o ‘ i !
ol § ¥ w & % "
0 0.25 0.5 0.75 1 1.25 15 1.75
Vd=vg, V|
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Intrinsic gate capacitances

7.0:
C.. =:|:&
U ZVJ

In saturation:

Bulk Si MOSFET

i *
L

’(-?gs 0.6
Cgb—[

0471

Cg/Cox (-)

021

0 05 1 1 Led
Gate voltage (V)
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Gm/Id analog design in bulk and SOT CMOS

Intrinsic gate capacitances
Bulk Si MOSFET

- J.i Cgs (---), Cgb (-.-), Cgg (__)

[ >—
1
-[ 0.8f

-

Cgs Cgb o6
(o}
FD SOl MOSFET S ol
&}
e 0al
e Jg
— _—______‘_—c\
0
0 10 20 30 40
gm/Id (1/V)

Cg smaller in FD !
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Gm/Id analog design in bulk and SOT CMOS

Intrinsic RC limit

At high frequency, channel = distributed RC line !

4 - A
WA VAT WA T VWA

— cut-off frequency = g,,/C

Decreases as L increases !
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Gm/Id analog design in bulk and SOI CMOS

Extrinsic capacitances
Lesp=L-2Loy Loy
D Bm—

AFT |
Ci. T

jswi
Cjb

>

X

CL,tOt - CL,ext + Cjb . Xj W+ CjSW . 2.(W+Xj)

Increases as W increases
—GBW decreases !

Gm/Id analog design in bulk and SOI CMOS
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Outline

1. Small-signal approach / modelling

2. Process assessment of analog performance with Gm/Id
- Definitions, Modelling

- SOI vs bulk

3. Output conductance (Vea),Intrinsic capacitances,
Mismatch...

4. Single-stage OTA design
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Gm/Id analog design in bulk and SOT CMOS

1-stage OTA analysis

GBW model
_ gm Ibias
fr =B.|—| —
M6 T [Idl(z) 4 CL
Ay = Vea [QL“] Vea= V€3 Veas
Out Id_h Veag + Veag

—|[ms

Gm/Id analog design in bulk and SOT CMOS
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I-stage OTA
model (lines) vs exp data (symbols)
fr*C/(B*B) Product = (g/Ip).1
107 .
107% E - ~
SOI vs Bulk at
[ ] constant Ibias ?
10% +,0,--- SOI ] l
E X, — Bulk E .
i | W.Q. 2 Ntk / Ngoj (36%0)
-4 1/ i- q -0.5 0,
1010-5 10-4 10—3 10-2 10—1 100 S.I. < (nbulk/ nSOl) (17 A))

Scaled Bias Current, | - J
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Gm/Id analog design in bulk and SOI CMOS

Intrinsic stage synthesis

« Gm/Id methodology » based on continuous g, /I, vs I'=1,/(W/L)

- Model
- Or experiments w " fr=1MHz
L 103 ;\ < ; CL =10 pF
IDO 102 i \\ i H'COX:78 uAIVZ
gm =or1.Cp gm N E _
\% E n=15
D (g \ ID 101
=(fm) Wy v_=07
VG-l Ip/ L : G
100 £
VG o ]
10-1 I
10-5 104 103 10-2 10-1 100 ——
W 07.C
= 1
LS LWL W
W.lL._ a7 | % Pt 0 Aamr—d
P L YL
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Gm/Id analog design in bulk and SOI CMOS

Intrinsic stage synthesis

104 ¢ 104 ¢
W F N T ] cL=10pF W :E i R
RS o E 3 ~ E
L e RN e depy, ] 5 Luli2 T I‘% e ]
< < RSN/ .Cox = 85 HA/V 103 prige izt
» \% \\\\ 2 ‘.f_s H-ox H E :8 :IH ‘I\S §
p . ] N
102 N 4?(' \\ 3 00 4”/7 n=15 : “ N
NS < ey
F \\ \‘\ \\\: _ ‘I \ °,
&m A .. 1 v_=o07 \ "
ID 101 B> = Seg] 5 T N N
Do~ \ et N p
4-’3\ ~3 e N 3
100 oD 23 < *
< Tt > N
[ \\\\‘ =] , F N q
10-1 I 10-1 >
10-4 10-3 102 10-1 100 101 F 10-7 10-6 10-5 10-4 10-3 102 ID
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Intrinsic stage synthesis

fr=1MHz
WI/L CL=10pF g /Ip (1/V)
400 —77 40
350 \ 35
9./1p GFW 300 I‘ -- 501 30
$ 250 | \\\ T Bulk
lp/(W(L) I 200 AN 20
Ip 150 'I N 15
e 100 \ S 10
WiL 50 I\-\S\ s
0 = 0
10°° Ip (A) 107
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Gm/Id analog design in bulk and SOT CMOS

1) Constant L

Intrinsic stage synthesis

4 2

10 I T T 10 T T |
Wide W
. f; =20 MHz
=Too high load
C.=10pF
EIOJ E:.lo'
B a
107 . : 10’ : -
0 10 20 30 0 10 20 30
Gm/Id (1/V) Gnv/Id (1/V)
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Gm/Id analog design in bulk and SOI CMOS

Gm/Id analog design in bulk and SOI CMOS

2) Constant W =0.1* C, / (Cy,.X))

10* 10° 10* 10° |
Long L
=Low cut-off
% 7 Constant L z 7 Constant L
\; 10 2 10 ] 5 10 2 o Constant W
Low L and g,/I},
=Too low gain
102| . : 10° : - 10” . : 10° : -
0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
Gm/1d (1/V) Gnv/ld (1/V) Gm/1d (1/V) Gnv/ld (1/V)
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Gm/Id analog design in bulk and SOT CMOS Gm/Id analog design in bulk and SOT CMOS
. Intrinsic stage synthesis
- = - *
4) Constant cut-off =2 * f; (orC,=05*C)) SOI case
104 | 104 10% r r |
Bulk case / £, =20 MHz
C.=10pF
\
\ |
7, Constant L 7, 7 Constant L
S Constant W S T Constant W
/ / ~_ Constant cut-off
/i ~_ /,‘
/ SOl Design window !
10° . : 10’ : - 10° . : 10’ : -
0 10 20 30 10 20 30 0 10 20 30 0 10 20 30
Gm/Id (1/V) Gm/Id (1/V) Gm/Id (1/V) Gm/Id (1/V)
«—> >
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Gm/Id analog design in bulk and SOI CMOS

Example: ‘Demo 1°...

Gm/Id analog design in bulk and SOI CMOS
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1. Small-signal approach / modelling

2. Process assessment of analog performance with Gm/Id
- Definitions, Modelling
- SOI vs bulk

3. Output conductance (Vea),Intrinsic capacitances,
Mismatch...

4. Single-stage OTA design
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Gm/Id analog design in bulk and SOT CMOS

1-stage OTA synthesis

Two-pole model

fo-p |9M Ibias

M6 T d 48 CL
Ay = Vea [Lm] Vea= V€% Veas
Out Id_h Veag + Veag

F —|[ms fo1 = Om4 _ [gim} la1

2nCy  Lldls2ncy

Cl = 2/3.COX.W4.L4.(1+B)+ij.W4+Cjn.W1 ¢m =90° - atan (fT / fpl )

Gm/Id analog design in bulk and SOT CMOS
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Gm/ID-based synthesis
1-stage OTA Design Flow

n n
gmi=Bl.or.CL 5:1 1d4 = 1d1 Qé?“

Idl — gm4

LUBL ——— > L4/B4 ——>
(B=p.Cox)

w1 > 7k w4

Y

c1
fplr Om
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Gm/Id analog design in bulk and SOI CMOS

Om/'p)1 V) 5,

1-stage OTA synthesis

Gm/Id analog design in bulk and SOI CMOS

Matching

Current mirror : |O

Ay) -\ | g2,y 20

h :
Bulk 20 1 I, I, B
VS d E
SOl 0 ] 2 . A, ~afew mV.um
Vs G (VT) - W .L Vr ’
(em/ D)4 o R (30 in 2.5 pm Bulk, 13 in 2 um FD SOI)
- @m/Ip)g (V'5) 2(,5) 42
ID1 (LA) i i (W/L)l ' ' O B ~ 0
ol | 00 ] ﬂz = T Aﬂ~afew %. Lm
300 1 ) (3in 2.5 um Bulk, 5 in 2 um FD SOI)
10 |- b 200 1
— 100 /—\ 1
0 ' ' 0 : : SOIvs Bulk: W, L. » > mismatch e
0 10 20 0 10 20
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Gm/Id analog design in bulk and SOT CMOS ) Gm/Id analog design in bulk and SOT CMOS )
Matching Matching
o((Ald)/Id) vs Id/(W/L) for SOI FD nMOS R —— ) o
(W/L =20um / 10 um) At different temperatures (Vd = 1.5 V) 7 i correlation coefficient between
o1 0 . ‘ ‘ . 3 Lot Aly/g,, at Vs =V, and Aly/g,, at
g 0.09 $-.. « T=020degrees C | 15 j.,__,_“_:__________‘___ . T=020 degrees C | | 3 —1lp Other vq§ . . . .
2 008} -oe-o boeeofboo|t T=125 degrees © = | L *e. ' |+ T=125degreesC - Z Tfenanva o pra v b R 1
é . . o T =225 degrees C f: R *i“ “Tla T=225degrees C || 09} * 4t | H i g 1
= ' : ,225 _______________ . ‘_ _________ ] ‘EO'S' ++ T =020 degrees C T
£ g, A f” L. £07r & + T =125 degrees C ]
E S0k 1\-:-----------1.+,;'-.— ------------------ %n{” Iy o T =225 degrees C 1
s E : . S05}1 ++ E
s © s ] L Tl 804 sy Al = X 7 ‘5 3 4
= ' ;'" 10 10 10 10 10 10 10 10 10
,E e . _;“"""":;'_-:('::.':":!::. i ‘(Fig. 3a) S(.)l - Nnrmalilzed Drain Cttrrent A] ‘
T AR [V || 2 Ty _
= . = e o ow ¥ X X X A oo
§ : N : ‘ : iy ; 00fe o o9 +Do+:p+m+ﬂl+’h+ﬁ : J
10 10° 10 il 10 10 10 1 ik 10 SosE et + WIL=5/0.8 um/um ]
Normalized Drain Current [A] Normalized Drain Current [A] -% 07k i n::lija[:ﬁns urr:;i'um |
- = um/um
Af P Zm o6l
SI: —= — AV Until Max gm/Id in WI/MI /222 / Leak o5l = e =
"r;f 'rf,l' - m ”""|‘<;'. ._1,”‘. ..._i”‘_ ....I“‘_ 10 10 10 10 10
Normalized Drain Current [A] (Fig. 3b) Bulk - Normalized Drain Current [A]
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Gm/Id analog design in bulk and SOI CMOS

Matching

Gm/Id analog design in bulk and SOI CMOS

Matching

Design of a current mirror for the input differential pair of an OTA

* In FD SOI, at RT- _ p (fixed I, fixed g, i/C i = 4.GBWir,)
follows —_d T‘” AV, in MI/WI S
d d + AP in SI ‘ e
45l o Tw v v i .|+ L=18um | _|
'o‘? # L=2.1um
« In bulk/PD z L5 wen
And in FD at HiT®: + another term in MI g
related to « n (Vgs) » é
A 4 ; S
r:s( 7 "] J,—'"m.-\.!’.],.;. f ,.f'wg]m_m] t ﬁ(“'—f] g .
d d | & Improves in MI !
2 2 As W.L increases
2Ay) Ao 2(ABY Ay o
(A = o (F ) N T e N Faster than gm/Id
4 6 8 10 12 14 16 18 20 22 24
[Vancaillie ESSCIRC 2003] Gm over 1d ratio of the current mirror NMOS
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Gm/Id analog design in bulk and SOT CMOS Gm/Id analog design in bulk and SOT CMOS
I-stage OTA I-stage OTA
Example ol SULK Micropower experiment on 0.25 um FD SOI CMOS
(design/exp.) (synthesis)
fT (kHz) 350 350 Tbias = 6 pA
Av0 (dB) 44 41 M5 M6 485 ]
phase margin (°) 85.6 85.4 240u/2u 240u/2u 1‘\ [ bias =60 A |
4
(gm/ID) 1-2 25.8 18 435 #
(gm/ID) 3-6 22.3 145 - ouT A \ \\ N\
(gm/ID) 7-8 227 14 s \ \
(WiL) 1-2 30/3 2713 120u/2u 120u/2u \
(WIL) 3-4 33/3 23/3 M7 M8 \ \
(WIL) 5-6 66/3 46/3 335 Tbias = 600 nA \
(W/L) 7-8 30/3 17/3 W
IDD (uA) 3 4.32 285 \
1E+0 1E+1 1E+2 1E+3 1E+4
output swing (V) 0.9 0.75 Frequency (Hz)
@Vvdd=12V
vdd = 1.5V, g,/I, =15V, C, = 360 pF
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Gm/Id analog design in bulk and SOI CMOS

Example : ‘demo 2°...

Gm/Id analog design in bulk and SOI CMOS

I-stage OTA

High-frequency applications

Ym mag (mS) and phase (°) measurements on 1-um SOI n-MOSFET

208 . .......l9 0 —808 .|9 —
10 10 (Hz) 10! 10 10 (Hz) 10!
o 10*50/1,Rg=34Q/sq. - 2mo / (1+s.RC)
+ 10 * 50/1, Rg = 6Q/sq. ——  gmo/ (I+s/my) / (1+s.RC)
x 20 *25/1, Rg = 6Q/sq.
@[ Microelectronics Laboratory D. Flandre @-—[ Microelectronics Laboratory D. Flandre
Gm/Id analog design in bulk and SOT CMOS Gm/Id analog design in bulk and SOT CMOS
I-stage OTA I-stage OTA
1-stage OTA high-frequency SOl CMOS implementations High-temperature applications
40 T Model validation Gmy/ld d/W/L T
N i m VS VS
= 30 .. folded- o eXp. 4 ( )
Tz 2 ", cascode 1 model B 1 ] (W‘;o Transition frequency vs T
£ ol > ] ~ -
6 10 —_—> (DE‘ 2l liso ; 30 1000
O cL=6pF ] 10 M\\\ Jo0 & M 100 E
10 L L h Qo0 20 Q_ﬂ‘u—a-\uﬂ\ﬁ
10° 107 105 10° 10! = of —o § \
Frequency (Hz) ) =N o 10
8 9 10 —o—o— 5 o 4
1200 — 10 10 (Hz) 10 1 ]
1000 5 —-Cp =2 pF] 002 0 108 106 104 1 T e ]
N 1 A b I- SOI CMOS OTA
s 4 stage
= EZZ L Mobility vs T / 0 50 100 150 200 250 300
H e Cp=6pF SOI high-freq. (°C)
400 5] J OTA capability )
200 Early voltage vs T ——> DC open-loop gain vs T
100 200 300 Pgd (mW)
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Gm/Id analog design in bulk and SOI CMOS

Outline

1/2. Analog Design and Process Assessment with Gm/Id

3. Output conductance (Vea), intrinsic capacitances

4. OTA design for low-voltage low-power applications

- Single-stage micropower OTA

- Mismatch

- Applications: high-temperature, high-frequency

- 2-stage OTAs

+ Harmonic distortion: filters, mixers

+ Switches: SC - ADC
+ Microsystems
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CMOS Miller Op Amp

-

G  aa e
L g

W/L and C¢?
for given f, C_
and @,

Total Area (mmz)

I—o Cf| out 10

2-stage opamp synthesis

fr = 10 MHz, Cp_ = 10 pF, @, = 60°

Stand-by Ipp (MA)

M S —10°
F—— SOI ! ]
| — Bulk
I 5101
¢ 110°

60 70 80 90 100 110
DC open-loop gain (dB)
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fT =10 MHz, CL = 10 pF, ®m = 60°

1]

L [— '
A Tdd ,/ !
N [ B 4
- e :I - —:_"3, i :-t o r

- . ..' [
;é V"’-c"c-ﬂ;’:‘_q o ° ;-"'

E 7 .

B I ¥ 2
S} ~ o’

g5 Area o~ a®

7] e _ e
E i _.J‘.""‘_-—- “.j'UdF

i P
107k - -
ail 70 8D G 100

DC open—loop Gain (dB)

2-stage opamp synthesis

--0, SO
— X, Bulk
0,X ng5 =0.76 Coy.W.L
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Gm/Id analog design in bulk and SOT CMOS

Avo =90 dB, CL = 10 pF, ¢m = 60°

2 e e

l R

10’ T o~ _1
g e
Em"- T |
é‘ .w/ A‘
= I.I..l\ / .
e f Cf .

,/)av'
[ - s
1y = _.——’J LW ‘

o -
- o
.[ --_':ﬁ':"-'*-- el .

DC Current Dissipation (A )

o W T ! 0"

2-stage opamp synthesis

--0,501
— X, Bulk
0,X Cggs=0.76 Coy W.L

Same power:
FD => larger fT and SR
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Gm/Id analog design in bulk and SOI CMOS

OTA applications
Pacemaker Sense Channel

detect spontaneous contraction of the heart chambers

R1, R2, C1, C2: external components
CL.: parasitic capacitance, specified to 50pF
D/A: capacitive charge redistribution converter

[F. Silveira, D. Flandre,

ISCAS 2002]

* FD SOI Technology Record consumption of 110 nA

« Simpler class AB OTA = (1.e. one order of magnitude below
« and comparator architectures previous results)
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OTA applications
CMOS Miller Op Amp
dB
100
Cf| out
60 250°C
40
20
VDD =3V 0
IDD =3 [,lA

100 10! 102 103 104 105
Frequency (Hz)
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OTA applications
Instrumentation opamp in FD SOI CMOS

Closed Loop Gain [dB]

26.9
26.7 |
265
263 FRENSLEETT
26.1 ]
259 |
25.7
25.5

100 1000 10000
Frequency [Hz]

2 Miller OTAs + matched
integrated diffusion resistors = fixed gain of 21 (+0.45%0) up to 250°C
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High-temp. applications
Design techniques for bulk CMOS analog circuits

Simple folded cascode OTA

vdd
}_I_“fA 'y ZF L;| H_‘é Ideas (to balance leakage to substrate) :

- bias circuit : pMOS in separate wells

E‘ }J_‘ - differential pair :
I In+ add compensation diodes
n—| I—n |;I_‘ - cascode stage : both

Vvdd

Bias
5] but area 7, consumption 7,
Gnd a complexity 7

— dynamic response ?
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Gm/Id analog design in bulk and SOI CMOS

High-temp. applications

DC open-loop gain (dB)
no leakage to substrate 100

leak <<Isaturation 90

Gain - constant ] o— 00— 0—0—°%
(Gpand Gol) 7 folded-cascode SOI CMOS OTA
BW | with G, 60 -
(/ 2 at 300°C) 50 |

Offset <2 mV forall T 40 —————

0 50 100 150 200 250 300

o Temperature (°C)
Constant power dissipation

Gm/Id analog design in bulk and SOI CMOS
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High-temp. applications
SOI high-temp design guidelines

* Om/1D)fT > (Om/ID)ndp to preserve stability
as higher g,,/Ip degrades more with T

« optional use of "*Zero-Temperature Coefficient point™ (ZTC)

4
saturation 50 °C 300 $C ZTC ° £(V 4 Vpg W/L)

3 TR
é ) | SOl : VgS - Vth, zTCc- 02...03V
= ZTC —», bulk : 05...1V
= 1 300 °C

Vib 50 °C
0
0.0 0.5 1.0 1.5
Vs (V)
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