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9.

9. SIMPLE AMPLIFIERS

*The inverter is the basic gain stage of
CMQOS circuits. Typically the inverter uses
the common source configuration with
either a resistor for a load or a current
sink/source as an active load.

A very common circuit is given in the
following figure.

¢ < [VOUT

VSS

*The current through M2 is found from
(5.5) assuming that

Vps=Vgs-Vr
In the graph the working point is given as
the intersection between the M1
characteristic and M2 load curve.

8.Centro, "Notes on Analog CMOS Design” December 1, 1998



9.2

L 3 ] e — - amth -

eFrom the following equivalent circuit one
can obtain the small signal gain as

Vour _ —&ml - 8mi
Vi 8ds1 1T 8ds2 v 8m2  Em2
K'y WL,
K'p W)L,
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* ’ t O

D 2 D Zuse  vou

gmivin gm2vout

- - ~— O

*A modified version of the inverter is
shown in the following figure where the
load is a current generator, that could
mirror another current.

The small signal equivalent circuit misses
now the second current generator and the
small signal gain is obtained, using (6.1a)
and (6.3a), as

Vour _ _ ~8mi =\/2KN'W1[ ~1 ]
VIN  8ds1 T 8ds2 LI A t+A,

(9.1)

We see that the gain increases as the
current Ip decreases. This holds true until

the transistor work in the saturation
region.

Gains of -500 and little more can be
obtained by this stage.

The graph gives the transfer characteristic
of this type of inverter.
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vDD

vews [>H["

VIN D__—|I: M1

VSS

3 e e

0.6, I
03Vnp

eAnother type of inverter is the push-pull
inverter given in the figure.
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Vdd

M1

vin [>—¢ ¢——< ] vout

tarr T
. Fa
rd
no
Mlin i
mm.\‘umnlion// ) . )
Do region e Venst T s o
4 -~
s s
s
rd
- P .
A -
7 M1 and -
/M7 Loth /
o4,k ,/ saturaled 4

- (LB

L -
P s Mlin
o s /’ BT R TiomR
. rerion

”

. . s04v

L i | ] 1 L T Wesia L ]
rd

S
s 0 ,702Tpn W6V 08V, dp,
.

N

Transfer characterislics of CMOS inverters (V,, = |¥,,] = 0.2 Vel

The gain, using the small signal equivalent
circuit and the already used formulas, is
given by

Vour T 8m T 8m2
VIN 8451 T 8452
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T (\/m \/W}[kl +sz

(9.2)

Gains in the order of -1000 can be easily
obtained.

S.Centro, “Notes on Analog CMOS Design” December 1, 1998
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Differential amplifiers can be designed
with CMOS technology. In the following
figures two different structures are shown:
one uses n-type input stage while the
second uses the p-type input.

vDD
O
VDD
M4
W=30U L=10U
M3 »
W=30U L=10U;“ j'{:
R1
RBIAS M7
{ ) W=100U L=5U
10 . |
1
10P Vout
W=100U L=10U I ,_<:
Vin- M1 Vin+ COOMP
4 M2
W=100U L=10U
Me M8
M5

| s | | W=650U L=5U
b [
W=200U L=10U W=200U L=10U
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Vvss

M8
M5 W=300U L=10U
ﬁl 6 1 t W=900U L=5U
I 1 | l
W=300U L=10U M6
2
vin- Mt Wet00U vout+
——i oo o Cvour
COOMP
W=100U L=10U M2 -1
10P
M7
:I: W=100U L=10U
ms Ly . Ma o
! I (RBIAS} 5,
wW=30U L=10U W=30U L=10U

The two circuits have been simulated with
models LEVEL2 and the sub circuits given
in the section 7.

The SPICE listing of the two amplifiers is
given.

SUBCIRCUITS and MODELs have been
written and put in a library CUBA.Iib.

S.Centro, “Notes on Analog CMOS Design” December 1, 1998
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.SUBCKT AMP_CUBA_n VIN+ VIN- VDD VSS VOUT PARAMS: RBIAS=200K
X1 2 VIN- 4 VSS TN_2_CUBAQb PARAMS: WN=100U LN=10U

X2 10 VIN+ 4 VSS TN_2_CUBAQb PARAMS: WN=100U LN=10U
X322 VDD VDD TP_2_CUBAQb PARAMS: WP=30U LP=10U

X4 10 2 VDD VDD TP_2_CUBAQb PARAMS: WP=30U LP=10U

X5 4 6 VSS VSS TN_2_CUBAQb PARAMS: WN=200U LN=10U

X6 6 6 VSS VSS TN_2_CUBAQb PARAMS: WN=200U LN=10U

X7 VOUT 10 VDD VDD TP_2_CUBAQb PARAMS: WP=100U LP=10U
X8 VOUT 6 VSS VSS TN_2_CUBAQb PARAMS: WN=650U LN=5U
CCOMP VOUT 10 10PF

R1 VDD 6 {RBIAS}

.ENDS AMP_CUBA_n

dododroh b bk ok ko Kk kR Rk ok k kh ok ok ok W

.SUBCKT AMP_CUBA_p VIN+ VIN- VDD VSS VOUT PARAMS: RBIAS=200K

*

X1 3 VIN- 2 VDD TP_2_CUBAQb PARAMS:WP=100U LP=10U
X2 10 VIN+ 2 VDD TP_2_CUBAQb PARAMS: WP=100U LP=10U
X3 33 VSS VSS TN_2_CUBAQb PARAMS: WN=30U LN=10U

X4 10 3 VSS VSS TN_2_CUBAQb PARAMS: WN=30U LN=10U
X5 2 6 VDD VDD TP_2_CUBAQb PARAMS: WP=300U LP=10U
X6 6 6 VDD VDD TP_2_CUBAQb PARAMS: WP=300U LP=10U
X7 VOUT 10 VSS VSS TN_2_CUBAQb PARAMS: WN=100U LN=10U
X8 VOUT 6 VDD VDD TP_2_CUBAQb PARAMS: WP=900U LP=5U
CCOMP VOUT 10 10PF

R1 VSS 6 {RBIAS}

ENDS AMP_CUBA_p

* ok kA N Kk k ok kAR k khkh ok kR kT Ok w R

SUBCKT TN_2_CUBAQb D G ) BK PARAMS:

LN=2U
M1 D G S BK 2 _CUBAQN W={WN} L={LN}
+AD={2U"WN} AS={2U*WN]}PD={2U+(2*"WN)}}PS={2U+{2*"WN}}
+NRD={2U/WN}NRS={2U/WN]}
.ENDS TN_2_CUBAQb

hoh ok ook ok Kk ok ok ok ok ok ok ow ok ok b ok k k ok koW

* PMOS_CAE

SUBCKTTP_2_CUBAQb D G S BK PARAMS:
LP=2U

M1 b G S BK 2_CUBAQP W={WP} L={LP}

+AD={2U*WP) AS={2U*WP}PD={2U+(2*WP}}PS={2U+(2*WP)}
+NRD={2U/WP}NRS={2U/WP}
ENDS TP_2_CUBAQb

* K ok ko k ok ok ok kK

*

* 2_CUBAQ 2um CMOS

WN=3U

WP=3U

ok ok ok ok ok ok ok ok ok ok ok ok ok ok kR ok X Ak ok ok ok ok k Kk ok ok kR k kR kK kK kK ok ok ok ok ok kok ok ok kR ok ok ok kok k&

* typical parameters

.MODEL 2_CUBAQN NMOS LEVEL=2
+ CGSO =0.560E-09 CGDO =0.560E-09 CGBO =0.165E-09

+ CJ  =0.400E-03 MJ =0500E+00 CJSW =0.390E-09 MJSW =0.060E+00

+JS =0.020E-03 PB =0.860E+00 RSH =30.00E+00 XQC =1E+00

+ TOX =31.10E-09 XJ =0.054E-06 LD =0.338E-06 WD  =0.644E-06

+ VTO =0.770E+00 NSUB =33.10E+15 NFS =0.293E+12 NEFF =3.560E+00
+ UO  =582.0E+00 UCRIT =20.90E+04 UEXP =0.235E+00 WUTRA =0.000E+00

+ VMAX =86.00E+03 DELTA =0E+00

MODEL 2_CUBAQP PMOS LEVEL=2
+ CGSO =0.560E-09 CGDO =0.560E-09 CGBO =0.165E-09

S.Centro, "Notes on Analog CMOS Design” December 1, 1998
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+ CJ =0.360E-03 MJ  =0.500E+00 CJSW =0.310E-09 MJSW =0.010E+00
+JS =0.040E-03 PB =0.790E+00 RSH =81.00E+00 XQC =1E+00

+ TOX =31.10E-09 XJ =0.021E-06 LD =0.315E-06 WD  =0.731E-06

+ VTO =-.804E+00 NSUB =11.80E+15 NFS =0.337E+12 NEFF =2.030E+00
+UO =180.0E+00 UCRIT =19.70E+04 UEXP =0.219E+00 UTRA =0.000E+00
+ VMAX =4120E+03 DELTA =1.040E+00

**"titttt****it'*tt**tt*ﬁ*"t‘tiﬁtﬁ*t**l‘l“t*ii******i*‘ﬁitt

*Then the following circuit has been
simulated both for the n-type and p-type to
find the AC and TRAN responses.

CTEST RS1 ?

1 100K
100 1000 VIN-
10mv —it— 2% —ok

VIN 7 VOUT

XAM )
RSIG RREF P 4

RS2
100K 100K et V RLOAD
vinf ‘ é 50K

J7 AMP_CUBA_n/p (-L

S.Centro, “Notes on Analog CMOS Design® December 1, 1998
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SPICE File_1

rrrrrveeere et ANALISYS OF DIFF_AMP N_TYPE
dib CUBA.lib

.TRAN 1U 400u

AC dec 10 10 20MEG

Vin 100 0 ac 10m pwl(0 OV 100u OV 110u -100mV 200u -100mV 210u 0 250U OV
+260U 100mV 360u 100mV 370u Ov 10m 0)
.PROBE

OP

.TEMP 25

.PARAM RBIAS=400K

.STEP PARAM RBIAS LIST 100K, 200K,400K, 800K
“power supply (simmetrical)

V10 VDD 0 2.5V

V20 0 V8§ 2.5V

XAMP VIN+ VIN- VDD VSS VOUT AMP_CUBA_n PARAMS: RBIAS={RBIAS}
*FEEDBACK & LOAD NETWORK

RFEED VOUT VIN- 500K

RS1 VIN+ 0 100K

RS2 VIN- 1000 50K

RLAOD VOUT 0 50K

*SIGNAL NETWORK

RSIG 100 0 100K

RREF 1000 0 100K

CTEST 100 1000 1

.END

SPICE File_2

dib CUBA.lib

Frorwemaneer ANALISYS OF DIFF_AMP P_TYPE
.TRAN 1U 400u

AC dec 10 10 20MEG

Vin 100 0 ac 10m pwl(0 OV 100u OV 110u -100mV 200u -100mV 210u 0 250U 0OV
+260U 100mV 360u 100mV 370u Ov 10m 0)
.PROBE

OP

.TEMP 25

.PARAM RBIAS=400K

STEP PARAM RBIAS LIST 100K, 200K,400K, 800K

*power supply (simmetrical)

V10 VDD 0 2.5V

V20 0 V8§ 2.5V

XAMP VIN+ VIN- VDD VSS VOUT AMP_CUBA_p PARAMS: RBIAS={RBIAS}
*FEEDBACK & LOAD NETWORK

RFEED VOUT VIN- 500K

RS1 VIN+ 0 100K

RS2 VIN- 1000 50K

RLAOD VOUT 0 50K

* %k ok ok ok ok ok hk ok kAR Rk KX kK

*SIGNAL NETWORK

S.Centro, “Notes on Analog CMOS Design” Decamber i, 1598
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RSIG 100 0 100K
RREF 1000 0 100K
CTEST 100 1000 1

END
S D
l
I l
I l
A (P : E_'—°"J' ... . Le—u.
! !
-100mvd - - :1--o—-v——-n—l[

O m<¢ * v({100)

1.0V - . 5—0_n_|

] "i |
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domed

y

1.

w
-

~1.0ve - . . . . . . . . . S‘_L_.__Q.;_.,.n

50us 100us 200us 300us 400us
C m4 % vivout)
Time

Exit [Lod [Auto-rangq [Set_rangq [add_aXig [Change_titld [color Optiord
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S50mv

-100mv 12—

fI
L

-150mV

om o +v(100)

1.5v

1,0V oo

-“0—-32 -
b

v

200us 205us

Time

Exit [Hard copy

peal [TrougH [sIOpd [Min [maX

210us

215us 220us

C1
C2 =
dif=

206.250u,  82.324m
200.438u, 865.286m
5.8125u, -782,961m

|Search commands

Label point]
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80
40 9
O-
o m + + vib(vout)-vdb(vin-}
80
40 1
-G~ o + = - 4 +
O-
SEL>>
10Hz 1.0KHz
[Hlm ¢ + vdb(vout)-vdb (100}
Frequency Cl = 10.000, 19.968
C2 = 246.914K, 16.256
Exit [Hard_-copy [Peak |Trou [s10pg Mid [max dif= ~246.904K, 3.7118
[search commandd {Label poin

8.Centrs, “Notas on Analog CMOS Design” December 1, 1998
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*wdrk

MOSFET MODEL PARAMETERS

*tl'“ﬁt****tttt'I‘t*i*****Q**‘k***t*ti’*t“itﬁi*ﬁ*ttt****ﬂ**tt*t*i’*til’*

* ok ok k * % ok % ok ok kW

2_CUBAQP 2_CUBAQN
PMOS NMOS
LEVEL 2 2

L 100.000000E-06

100.000000E-06

W 100.000000E-06 100.000000E-06
LD 315.000000E-09 338.000000E-09
WD  731.000000E-09 644.000000E-09
VTO -.804 F7
KP 19.986040E-06 64.621530E-06
GAMMA 563673 944061
PHI 703995 .75735
RSH 81 30
JS 40.000000E-08 20.000000E-06
PB 79 .86
PBSW .79 .86
cJ 360.000000E-06 400.000000E-06
CJSW 310.000000E-12 390.000000E-12
MJSW .01 .06
CGSO 560.000000E-12 560.000000E-12
CGDO 560.000000E-12 560.000000E-12
CGBO 165.000000E-12 165.000000E-12
NSUB 11.800000E+15 33.100000E+15
NFS  337.000000E+09 293.000000E+09
TOX 31.100000E-09 31.100000E-09
XJ 21.000000E-09 54.000000E-09
uo 180 582
UCRIT 197.000000E+03 209.000000E+03
UEXP 219 . 235
VMAX 41.200000E+03 86.000000E+03
NEFF 2.03 3.56
DELTA 1.04

“*** MOSFET MODEL PARAMETERS
NAME VTO PHI
2_CUBAQP -8.074E-01 7.078E-01
2_CUBAQN 7.733E-01  7.608BE-01

PB
7.932E-01
8.627E-01

1S(JS) KP uo
2.934E-05 2.019E-05 1.818E+02
1.467E-05 6.527E-05 5.879E+02

LA A2 4 ok e W ok ek khkkKhkk

01/21/96 19:25:38 PSpice 6.0 (Jan 1994) ID# 53788

LA S S

SPICE File_1

xRk

SMALL SIGNAL BIAS SOLUTION TEMPERATURE = 25.000 DEG C

Rk

CURRENT STEP PARAM RBIAS = 100.0000E+03

S.Centro, “Notes on Anaiog CMOS Design” December 1, 1998
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*****'ttti***ttﬂitt*******’!*tt*****!l!tt*****ﬁit*'***********tt*i*

* k k% k k k& & kX

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 100)  0.0000 ( VDD) 25000 ( VSS) -2.5000 (1000)  -.0021

{ VIN+)  0.0000 ( VIN-)  -.0032 ( VOUT)

-0137

(XAMP.2) .7966

(XAMP.4} -1.4707 (XAMP.B) -1.4446 {(XAMP.10) -.2187

** MOSFETS

NAME XAMP.X1.M1 XAMP.X2.M1 XAMP.X3.M1 XAMP.X4.M1 XAMP.X5M1
MODEL 2 CUBAQN 2 _CUBAQN 2_CUBAQP 2_CUBAQP 2_CUBAQN

D 1.96E-05 1.98E-05 -1.96E-05 -1.98E-05 3.94E-05
VGS 1.47E+00 1.47E+00 -1.70E+00 -1.70E+00  1.06E+00
VDS 2.27E+00 1.25E+00 -1.70E+00 -2.72E+00  1.03E+00
VBS -1.03E+00 -1.03E+00 0.00E+00 0.00E+00  0.00E-+Q0
VTH 1.24E+00 1.24E+00 -8.51E-01 -8.50E-01 8.14E-01
VDSAT 2.03E-01 2.05E-01 -6.92E-01 -6.93E-01 1.92E-01
GM 1.44E-04 1.44E-04 4.39E-05 _445E-05 2.72E-04
GDS 2.00E-07 2.62E-07 2.59E-07 1.81E-07 5.28E-07
GMB 4.82E-05 4.83E-05 1.21E-05 1.23E-05 1.36E-04
CBD 1,08E-13 1.15E-13 3.11E-14 2.92E-14 2.57E-13
CBS 1.29E-13 1.29E-13 4.08E-14 4.08E-14 3.16E-13
CGSOV 553E-14 553E-14 1.60E-14 1.60E-14 1.11E-13
CGDOV 553E-14 5.53E-14 160E-14 1.60E-14 1.11E-13
CGBOV 1.54E-15 1.54E-15 155E-15 1.55E-15  1.54E-15
CGS 6.81E-13 6.81E-13 1.98E-13 1.98E-13 1.37E-12
CGD 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
CGB 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00

NAME XAMP.X6.M1 XAMP.X7.M1 XAMP.X8.M1
MODEL 2_CUBAQN 2_CUBAQP 2_CUBAQN

iD 3.94E-05 -3.13E-04 3.14E-04
VGS 1.06E+00 -2.72E+00 1.06E+00
VDS 1.06E+00 -2.51E+00 2.49E+00
VBS 0.00E+00 0.00E+00  0.00E+00
VTH 8.14E-01 -8.49E-01  8.00E-01
VDSAT 1.92E-01 -1.49E+00 2.01E-01
GM 2 72E-04 2.93E-04 2.07E-03
GDS 5.22E-07 3.93E-06 5.60E-08
GMB 1.36E-04 6.59E-05 1.01E-03
CBD 2.57E-13 9.69E-14 7.31E-13
CBS 316E-13 1.34E-13 1.03E-12
CGSOV 1.11E-13 5.52E-14 3.63E-13
CGDOV 1.11E-13 5.52E-14 3.63E-13
CGBOV {.54E-15 1.55E-15 7.13E-16
CGS {.37E-12 6.83E-13 2.08E-12
CGD 0.00E+00 0.00E+00 0.00E+00
CGB 0.00E+00 0.00E+00 0.00E+00

S.Centro, “Notes on Analog CMOS Desiga” December
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kW

LE L 4

CURRENT STEP

&**i**t*‘i***ttl‘i***t*ﬁt*!t!I**t**itt****ﬁ**tt****tl’i*’l’tti*t***i***

* k k A h ok ok ok k k ok ok

NODE  VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE
( 100) 00000 ( VDD) 25000 ( VSS) -2.5000 ( 1000)
( VIN+) 0.0000 (VIN-) -0019 (VOUT) -0080  (XAMP.2)
(XAMP.4)  -1.4113 (XAMP.6) -1.5274 (XAMP.10)  .3020

*** MOSFETS

SMALL SIGNAL BIAS SOLUTION

TEMPERATURE = 25.000 DEG C

PARAM RBIAS = 200.0000E+03

NAME XAMP . X1.M1 XAMP.X2.M1 XAMP.X3.M1 XAMP.X4.M1 XAMP.X5.M1
MODEL 2 CUBAQN 2 _CUBAQN 2 _CUBAQP 2_CUBAQP 2_CUBAQN
ID 1.00E-05 1.01E-05 -1.00E-05 -1.01E-05  2.02E-05
VGS 1.41E+00 1.41E+00 -1.45E+00 -1.45E+00 9.73E-01
VDS 2.46E+00 1.71E+00 -1.45E+00 -2.20E+00 1.09E+00
VBS -1.08E+00 -1.09E+00 0.00E+00 O0.00E+00  0.COE+00
VTH 1.26E+00 1.26E+00 -8.51E-01 -8.50E-01 8.14E-01
VDSAT 1.46E-01 1.47E-01  -495E-01  -4.95E-01 1.37E-01
GM 1.08E-04 1.03E-04 313E-05 3.16E-05 _ 1.94E-04
GDS 1.23E-07 1.44E-07 1.40E-07 1.08E-07 3.12E-07
GMB 3.42E-05 3.43E-05 9.02E-06 9.10E-06 9.89E-05
CBD 1.07E-13 1.11E-13  3.18E-14 3.01E-14  2.55E-13
CBS 1.28E-13 1.28E-13 4.08E-14 4.08E-14  3.16E-13
CGSOV 5.53E-14 5.53E-14 1.60E-14 1.60E-14 1.11E-13
CGDOV 553E-14 5.53E-14 1.60E-14 1.60E-14 1.11E-13
CGBOV 1.54E-15  1.54E-15 1.55E-15 1.55E-15  1.54E-15
CGS 6.81E-13 6.81E-13 1.98E-13 1.98E-13 1.37E-12
CGD 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CGB 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
NAME XAMP.X6.M1 XAMP.X7.M1 XAMP.X8 M1

MODEL 2_CUBAQN 2_CUBAQP 2_CUBAQN

D 2.01E-05 -1.66E-04 1.66E-04

VGS 9.73E-01 -2.20E+00 9.73E-01

VDS 9.73E-01 -2.51E+00 2.49E+00

VBS 0.00E+00 0.00E+00 0.00E+00

VTH 8.14E-01 -8.49E-01 8.00E-01

VDSAT 1.37E-01  -1.08E+00  1.46E-01

GM 1.94E-04 2.40E-04  1.50E-03

GDS 3.29E-07 1.82E-06 3.51E-06

GMB 8.87E-05 6.09E-05 7.46E-04

CBD 259E-13 9.69E-14 7.31E-13

CBS 3.16E-13  1.34E-13  1.03E-12

CGSOV 1.11E-13 552E-14 3.63E-13

CGDOV 1.11E-13 552E-14 3.63E-13

CGEBOV 1.54E-15 1.55E-15 7.13E-16

S.Centro, “Notes on Analog CMOS Design” December 1, 1998
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CGS 1.37E-12
CGD 0.00E+00
cGB 0.00E+00

Tk

bk

***t***"*tﬁti******W‘ti*******‘l’i*"**t******t*******ﬁ**l’ﬁi‘*t****t

ok g ok ok ok Wk ok ok Kk k

6.83E-13
0.00E+0Q
0.00E+00

SMALL SIGNAL BIAS SOLUTION

CURRENT STEP

2.08E-12
0.00E+00
0.00E+00

TEMPERATURE = 25.000 DEG C

PARAM RBIAS = 400.0000E+03

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 100) 0.0000 ( VDD) 2.5000 ( VSS) -2.5000 ( 1000)-760.5E-06
( VIN4) 00000  (VIN-) -.0011 (VOUT) -.0049 (XAMP.2) 1.2334
(XAMP.4) -1.3687 (XAMP.6) -1.5872  (XAMP.10) 8755

*** MOSFETS

NAME XAMP . X1.M1 XAMP.X2.M1 XAMP.X3.M1 XAMP.X4.M1 XAMP.X5.M1
MODEL 2 CUBAQN 2_CUBAQN 2_CUBAQP 2_CUBAQP 2_CUBAQN
1D 511E-06 5.15E-06  -5.11E-06 -5.15E-06 1.03E-05
VGS 1.37E+00 1.37E+00 -1.27E+00 -1.27E+00  9.13E-01
VDS 2.60E+00 2.04E+00 -1.27E+00 -1.82E+00 1.13E+00
VBS -1.13E+00 -1.13E+00 0.00E+00 0.00E+00  0.00E+00
VTH 1.27E+00 1.27E+00 -8.51E-01 -8.51E-O1 8.14E-01
VDSAT 1.04E-01 1.05E-01 -3.53E-01 -3.53E-01 8.79E-02
GM 7.34E-05 7.36E-05 222E-05 224E-05 1.38E-04
GDS 7.77E-08 8.65E-08 7.60E-08 6.19E-08 1.892E-07
GMB 2.43E-05 2.44E-05 6.64E-06 6.69E-06 7.12E-05
CBD 1.06E-13 1.09E-13  3.24E-14  3.09E-14  2.54E-13
CBS 1.27E-13 1.27E-13 4.08E-14 4.08E-14  3.16E-13
CGSsOoV 5.53E-14 5.53E-14 1.60E-14 1.60E-14 1.11E-13
CGDOV 5.53E-14 5.53E-14 1.60E-14 1.60E-14 1.11E-13
CGBOV 1.654E-15 1.54E-15 1.55E-15 1.55E-15  1.54E-15
CGS 6.81E-13 6.81E-13 1.98E-13 1.98E-13  1.37E-12
CGD 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CcGB 0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00
NAME XAMP.X6.M1 XAMP.X7.M1 XAMP.X8.M1

MOCDEL 2_CUBAQN 2_CUBAQP 2 CUBAQGN

ID 1.02E-05 -8.85E-05 8.86E-05

VGS 9.13E-01 -1.82E+00 9.13E-01

VDS 9.13E-01 -2.51E+00 2.50E+00

VBS 0.00E+00 0.00E+00  0.00E+00

VTH 8.14E-01 -8.49E-01  8.00E-01

VDSAT 9.77E-02 -7.89E-01 1.07E-01

GM 1.38E-04 1.75E-04  1.09E-03

GDS 2.11E-07 9.10E-07 2.27E-06

GMB 7.10E-05 4.69E-05 5.50E-04

CBD 2.61E-13 9.70E-14 7.31E-13
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CBS 3.16E-13  1.34E-13  1.03E-12

CGSOV 1.11E-13 552E-14 3.63E-13
CGDhOV 1.11E-13 5.52E-14 3.63E-13
CGBOV 1.64E-15 1.55E-15 7.13E-16
CGSs 1.37E-12 6.83E-13 2.08E-12

CGD 0.00E+00 0.00E+00 O0.00E+00
CGB 0.00E+0C 0.00E+00  0.00E+00

S.Centro, “Notes on Anaiog w08 Uesign” December 1, 1958
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kAl

SMALL SIGNAL BIAS SOLUTION  TEMPERATURE = 25.000 DEG C

Thkn

CURRENT STEP PARAM RBIAS = 800.0000E+03

*'&*tttttt***i*9**il‘"tt‘k*'**ﬁt*t****iiﬁt***********i*l‘it*t****t***l’

« * x %k ¥ w k Kk k * &

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 100) ©0.0000 ( VDD) 25000 ( VSS) -2.5000 ( 1000)-486.7E-06
( VIN+)  0.0000 ( VIN-)-730.1E-06 ( VOUT)  -0032 (XAMP.2)  1.3657
(XAMP.4)  -1.3382 (XAMP.6) -1.6301 (XAMP.10) 9441

**** MOSFETS

NAME XAMP.X1.M1 XAMP.X2.M1 XAMP.X3.M1 XAMP.X4 M1 XAMP.X5.M1
MODEL 2 CUBAQN 2_CUBAQN 2_CUBAQP 2 _CUBAQP 2_CUBAQN
iD 250E-06  261E-06 -2.59E-06 -2.61E-06 5.20E-06
VGS 1.34E+00 1.34E+00 -1.13E+00 -1.13E+00 8.70E-01
VDS 2.70E+00 2.28E+00 -1.13E+00 -1.56E+00 1.16E+00
VBS -1.16E+00 -1.16E+00  0.00E+00 0.00E+00  0.00E+00
VTH 1.28E+00 1.28E+00 -8.51E-01 -8.51E-01 8.14E-01
VDSAT 7.42E-02  7.45E-02 -251E-01 -2.51E-01 6.96E-02
GM 5.23E-05 525E-05 _1.58E-05 1.59E-05 9.81E-05
GDS 507E-08 5.47E-08 4.15E-08 3.51E-08 1.23E-07
GMB 1.72E-05 1.73E-05 4.84E-06 4.87E-06 5.10E-05
CBD 1.05E-13 1.07E-13  3.29E-14  3.15E-14  2.53E-13
CBS 1.27E-13  1.27E-13  4.08E-14 4.08E-14  3.16E-13
CGSOoV 5.53E-14 5.53E-14 1.60E-14 1.60E-14 1.11E-13
CGDOV 553E-14 553E-14 1.60E-14 160E-14 1.11E-13
CGBOV 1.54E-15  1.54E-15 1.55E-15 1.55E-15 1.54E-15
CGS 6.81E-13 6.81E-13 1.98E-13  1.98E-13  1.37E-12
CGD 0.00E+00 O0.00E+00 0.00E+00 0.00E+00  0.00E+00
CGB . 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
NAME XAMP.X6.M1 XAMP.X7.M1 XAMP.X8.M1

MOCDEL 2_CUBAQN 2_CUBAQP 2_CUBAQN

D 5.16E-06 -4.79E-05 4.79E-05

VGS 8.70E-01 -1.56E+00  8.70E-01

VDS 8.70E-01 -2.50E+00  2.50E+00

VBS 0.00E4+00 0.00E+00 0.00E+00

VTH 8.14E-01 -8.49E-O1 8.00E-01

VDSAT 6.94E-02 -5.80E-01 7.86E-02

GM 9.77E-05 1.28E-04 8.03E-04

GDS 1.38E-07 4.79E-07 1.52E-06

GMB 5.08E-05 3.59E-05 4.08E-04

cBD 2.63E-13 9.70E-14  7.31E-13

CBS 3.16E-13 1.34E-13  1.03E-12

CGSovV 1.11E-13 5.52E-14 3.63E-13

cGDOoV 111E-13 5.52E-14 3.63E-13

CGBOV 1.54E-15 1.55E-15 7.13E-16

CGS 1.37E-12 6.83E-13 2.08E-12
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CGD 0.00E+00 0.00E+00 0.00E+00
CGB 0.00E+00 0.00E+00  0.00E+00

*Based on the previous amplifier we can
built a precise bandgap voltage
reference.

*The principle is trying to generate a
voltage reference with zero tempo, adding
In a proper way two voltage sources with
opposite tempco.

*The structure is the one in the following
scheme.

Rl % R3 % +2.5V
60K 10K [ Q

ViIN-
7
X1 6
4
VIN+ V
R2
3.6k & S

AMP_GUBA_n  -2.5V
PARAMS: RBIAS=100K

1

ﬁQl ﬁQz
<

L et’s analyze the simple circuit assuming
that X1 has infinite gain (op.amp.):

VOUT .__. VIN— _ VIN-— B VBl

R, R,

5. Centro, “Notes on Analog CMOS Cesign” December 1, 1998
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(9.3)
Being

Vine =V ine = Vg

(9.4)

we get

R
Vour = EL(VBz — Vg )+ Vg
2

(9.5)
Remembering, (2.3), that

VBI/
IDlzISe VT

V2 //T

taking into account the ratio

and

IDZ zISC

Ipy =nlp;

we can compute the difference (VB2-VB1)
between the two junction voltages and the
(9.5) becomes

S.Centro, “Notes on Analog CMOS Design” December 1, 1958



9.23

VOUT = "k’l_ VT ln(n) + V32
2

(9.6)
It is worth to remind that
v, A
q

(9.7)

and n is the ratio between the currents
through Rzand R;. In fact nis also the

ratio of the two resistances.

*The requirement is to have zero tempco
for Voyr, that means to have the derivative

Zero.

B\% R
our _ Ry IVy In(n)-2.2*%107° =0
of R, oT
(9.8)
R
——l—liln(n):2.2*10_3
R, g
(9.9)
R 6%107Y
—Linm)=2.2%10""° 1.6710 5 =25.6
R, 1.38 * 10

(9.10)
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e|n this conditions we have

Vour =25.6*26mV +600mV =1.24V (9.11)

that corresponds to the bandgap voltage
Veo-

*We just remind here the definition of
bandgap voltage, Vgo.

*The junction voltage Vgg, can be
expressed by

kT t
VBE = VGO - In cons

q Ic (9.11)

that can be easily compared with (9.6),
from which we understand that

Your =Vgo (9.12)

°|n our case we would have
60

1% =
ouT 3. 65

The correct value will be obtained with
simulation. Vg is the extrapolated value

of Vge at T[°K]=0.

S.Centro, “Notes on Analog CMQOS Design” December 1, 1998

*26mV In(6) + 600mV ==1.3V



9.25

*|t should be noted that pnp transistor are
obtained in CMOS technology with the so
called lateral bipolar. The base is the
n-well (p substrate) while source and drain
are emitter and collector (or viceversa).

To control the value n one can also play
with the transistor dimensions, changing
the current density through the emitter
base junction.

*The SPICE circuit description follows.

S.Centro, “Notes on Analog CMOS Design” December 1, 1998
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SPICE File_1

.PROBE

OP

.TRAN 10N 2u

.TEMP 0O, 25, 50

.LIB CUBA.LIB

LIB MY-BJT.LIB

Q100 1 QBFT92

Q2 0 0 VIN+ QBFT92

R1 VOUT VIN- 60K

R2 VIN- 1 3.5K

R3 VOUT VIN+ 10K

X1 VIN+ VIN- VDD VSS VOUT AMP_CUBA_n PARAMS: RBIAS=100K
“* POWER SPPLY

VivbD 0 2.5

V2 0 V8S 2.5

.END FEREEEEE R R EEEE KRR EE LRSS
SPICE File_2

PROBE

OP

.TRAN 10N 2u

.TEMP 0, 25, 50

.LIB CUBA.LIB

.LIB MY-BJT.LIB

Q1 00 1 QBFT92

Q2 0 0 VIN+ QBFT92

R1 VOUT VIN- 60K

R2 VIN- 1 3.6536K

R3 VOUT VIN+ 10K

X1 VIN+ VIN- VDD VSS VOUT AMP_CUBA_n PARAMS: RBIAS=100K
* POWER SPPLY

V1VDD 0 2.5

V2 0 VSS 2.5

-END e r E PR L EEA AR R R E R B & 1
SPICE File_3

PROBE

oP

.TRAN 10N 3u

TEMP 0, 25, 50

1.1B CUBA.LIB

.LIB MY-BJT.LIB

Q1001 QBFT92

Q2 0 0 VIN+ QBFT92

R1 VOUT VIN- 60K

R2 VIN- 1 3.85K

R3 VOUT VIN+ 10K

X1 VIN+ VIN- VDD VSS VOUT AMP_CUBA_n PARAMS: RBIAS=100K
** POWER SPPLY

& Cerirn, “Notss on Analog CMOS Design® December 1, 1936
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Vi VDD 0 2.5
V2 0 VSS 2.5
END ***********************

*The three listings differ only for R2 value.
The circuit has been simulated for three
different temperatures and the one with
the R2=3.6536K has the lowest tempo.

1.26V

1.20vV

1.12v T T T T
Os 0.2us 0.4us 0.6us 0.8us 1.0us
Tm s+ « X »0MNR$V(vout)

Time

Exit [Lod [Auto-range| |[Set range] [add aXid [Change titld [color Option

The tempco’s are -400uV/ °C, -300uV/ °C,
-330uV/ °C. |

The nominal value at 25 °C is 1.2062V.
The biasing for the best value, at 25 °C, Is
given below.

S.Centro, “Notes on Analog CMOS Design™ December 1, 1998
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LA AR ¢

* h k K

01/30/96

SPICE File_2

LE ]

12:04:

OPERATING POINT INFORMATION

**++ BIPOLAR JUNCTION TRANSISTORS

NAME
MODEL
IB

iIC

VBE
VBC
VCE
BETADC
GM

RP!

RX

RO

CBE
CBC
CcBX
CJS
BETAAC
FT

Q1 Q2
QBFT92
-3.05E-07
-1.09E-05
-4.94E-01
0.00E+00
-4.94E-01
3.57E+01
4.23E-04
8.42E+04
0.00E+00
2.21E+06
1.33E-12
1.04E-12
0.00E+Q0
0.00E+00
3.57E+01
2.84E407

**v MOSFETS

NAME
MODEL
D
VGS
vDS
VBS
VTH
VDSAT
GM
GDS
GMB
CBD
CcBS
CGSoV
CGDhOovV
CGBOV
CGS

X1.X1.M1
2_CUBAQN
1.97E-05
1.60E+00
1.86E+00
-1.44E+00
1.37E+00
2.06E-01
1.45E-04
2.24E-07
4.42E-05
1.08E-13
1.23E-13
5.53E-14
5.53E-14
1.54E-15
6.81E-13

S.Centro, “Nntes on Analog CMOS Design” December 1, 1998

29 dok ol k¥ ok ko Pspice 6-0 (Jan 1994) dk dekkkk Kk
TEMPERATURE = 25.000 DEG C

QBFT92

-1.82E-06

-6.49E-05

-5.39E-01

0.00E+00

-5.39E-01

3.57TE+01

2.52E-03

1.41E+04

0.00E+00

3.70E+05

1.43E-12

1.04E-12

0.00E+00

0.00E+00

3.57E+01

1.62E+08

X1 X2M1  X1X3M1 X1.X4M1  X1.X5M1

2 CUBAQN 2_CUBAQP 2 _CUBAQP 2_CUBAQGN
2.00E-05 -1.97E-05 -2.00E-05 3.96E-05
1.60E+00 -1.70E+00 -1.70E+00  1.06E+00
418E-01 -1.70E+00 -3.15E+00  1.44E+00
-1.44E+00  0.00E+00  0.00E+00  0.00E+00
1.37E+00 -8.51E-01 -8.50E-01 8.14E-01
2.08E-01 -6.93E-01 -6.94E-01 1.93E-01
1.46E-04 440E-05 4.47E-05 2.73E-04
4.32E-07 2.59E-07 1.76E-07 4.48E-07
4.42E-05 1.21E-05 1.23E-06 1.37E-04
1.19E-13  3.11E-14 2.86E-14  2.46E-13
1.23E-13 4.08E-14 4.08E-14  3.16E-13
553E-14 1.60E-14 1.60E-14 1.11E-13
5.53E-14 1.60E-14 160E-14 1.11E-13
1.54E-15 1.55E-15 1.65E-15  1.54E-15
6.81E-13 1.98E-13 1.98E-13 1.37E-12

ID# 53788
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CGD 0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00
CGB 0.00E+00 0.00E+00  0.00E+00 0.00E+00  0.00E+00
NAME X1.X6M1  X1.X7.M1  X1.X8.M1
MODEL  2_CUBAQN 2 CUBAQP 2 CUBAQN
ID 3.94E-05 -3.98E-04 3.20E-04
VGS 1.06E400 -3.15E+00  1.06E+00
VDS 1.06E+00 -1.29E+00 3.71E+00
VBS 0.00E+00  0.00E+00  0.00E+00
VTH 8.14E-01 -8.50E-01 7.99E-01
VDSAT 1.92E-01 -1.82E+00  2.02E-0f
GM 272E-04 223E-04 2.10E-03
GDS 5.22E-07 1.48E-04 4.57E-06
GMB 1.36E-04 5.15E-05 1.03E-03
CBD 2.57E-13  1.06E-13  6.85E-13
CBS 3.16E-13  1.34E-13  1.03E-12
CGSOV 111E-13 552E-14 3.63E-13
CGDOV 1.11E-13 552E-14 3.63E-13
CGBOV 1.54E-15 1.55E-15 7.13E-16
CGS 1.37E-12  5.39E-13 2.08E-12
CGD 0.00E+00 4.34E-i3  0.00E+00
CGB 0.00E+00 0.00E+00  0.00E+00
ot 01/30/96 12:04:29 ********* PSpice 6.0 (Jan 1994) ******** |D# 53788
SPICE File_2
**  |NITIAL TRANSIENT SOLUTION  TEMPERATURE = 25.000 DEG C
NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE
( 1) .4935 ( VDD) 2.5000 ( VSS) -2.5000 ( VIN+)  .5394
( VIN-) 5344 { VOUT)  1.2062 ( X1.2)  .7953 {( X1.4} -1.0639
( X1.6) -1.4446 (X1.10)  -.6456

VOLTAGE SOURCE CURRENTS

NAME  CURRENT

V1 -4.769E-04

V2 -3.990E-04

TOTAL POWER DISSIPATION 2.19E-03 WATTS

5.Centro, “Notes on Analog CMOS Design” December 1, 1998






