Lab. 12 Example solution

DESIGN AND
CHARACTERIZATION OF
SINGLE-END OPA



1. Design of OPA - the phase
compensation

Im1 ~ Ime
W, = . Wpz = -~ w, = o (Zero cancel)
C L

The constraint among g, and g, can be eliminated by the zero-nulling circuit.
Thus, say g = 2g,,;. In the condition of phase compensation,

The larger capacitance value of Cc should be chosen to be on the safe side.
For example, C, = 4.0pF.



2. Design of OPA - GBP

Im1
GBP = = —
Wy, C
9gm1 = Cc - GBP = 4.0pF - 2m - 10MHz = 251uS

2
_ 9m1 s
Imi1 =/ 2P11psq p1 = 2156, Ipsy = 7 = 20uA

(W) _(W) g (251uS)?
L), \L), 2unCoxlpsi 2-98uA/VZ-20uA
= 32u/2u = (16u/2u)*2

WL M

= 16.07 = 16




3. Design of OPA - the maximum
commom-mode voltage

V™ = VDD — Agys — [Vrp| + Vry

2Ips3
Aoyz= B, = VDD — |VTp| + Vi — Vi

ﬁ _ 2IDS'S
L =
VDD — [V | + Vi, — V95)’
p

002
L)y \LJ, #pCox (VDD — |Vpp| + Vi — V%)

n
_ 220uA 1 — 2504 ~ 25 = 50u/2u = (100/2u)*5
33uA/V2 (2.5V —0.86V + 0.78V — 2.2V)?2




4. Design of OPA - the minimum
commom-mode voltage

2Ips; _ | 2-20uA
98uA/V2 16

= 0.160V

VI = VSS + Vp,, + Aoy + Doy

2lpgs .
Apys= /? =V —Agy1 — Vrn — VSS

_ 2Ipss
BS - . 2
(Vi?zun —Aoy1 — Vi — VSS)

(%), = (), =2(7), e gpmman
- — [ — — ) = . i
L 5a L 5b 2\ L 5 'unCOX (ViTYTllln — on1 — VTTL — VSS)

- 222 - =15.94 ~ 16 = 32u/2u = (16u/2u)*2
T 98uA/V2(—14-0.160—0.78 +25)2 0 0 T2 u=(16u/2u)
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5. Design of OPA - the
systematic offset

From the assumption on the phase compensation,
Ime = 29m1 = 2 + 251uS = 502uS

o |Moss_ | 2-20uA _
ova B4 33uA/V225

Ipse  Ps Lo
Vgsa = Vise = = Ime = +/ 2B6lpse = |2P6 = Ipsa = Belova

IDS4 - ,B4 ,84
_ 9me

Be

 Aovs
(K) _gme 1 _ S02wS 1 o4~ 70 = 1402 = (10/2)%14
. HpCoxBovs 33uA/V20.220V

w
w 1(w (T)6 1_.70
— | == — 137 — ~ =90u/2u = (10u/2u)*9
<L>7 2<L>5(E) 53250 =448 ~ 45 u/2u = (10u/2u) 6

L/,



6. Design of OPA - zero
cancelling

w w w
<_> _ (_) _ <_> — 70 = 140u/2u = (10u/2u)*14
L MC2 L MC3 L

6

(7).,
(7).,

The bias current and quiescent power consumption

70
IDS6 — %IDSLI- — ﬁZOUA — 56UA

(%) — 45 = 90u/2u = (10u/2u)*9
7

Ibias = I—,-ef + IDSSa + IDSSCL + IDS_MC4 + IDS7 = 3% 20uA + 2 * 56UA = 172UA

Ppigs = Ipigs - (VDD — VSS) = 172uA - 5.0V = 860uW



7. Design of OPA — other
properties

The differential gain
w w
2 |unCox (T) Hp Cox (T)
s 24/ B1Ps 1 ! ° 1
© A2+ )G + 27) JTpsilnse (L2 + )6 +27)  [Tpsilpse
2 J98uA/V2 .16+ 33uA/V2 - 70 1
— = 126374 = 102dB
(0.0186 + 0.0114)2 V20uA - 56uA

The slew rate

| + 1 40uA
Gp — Dssa T IDSsh _
C. 4.0pF

= 10V /us



Schematic

* Draw the schematic of the single-end OPA.

— or paste the captured schematic with the
schematic editor.

* Insert the size (L, W, M) of MOSFET and
capacitance value 1n the schematic.

— NOTE: The size of MC1 need to be fine-tuned.
You have obtained the result L =2u, W = 10u,
M =14, butuse L =2u, W= 10u, M =09.



dib cmos.lib

.dc VD -200uV 200uV 0. 1uV
:ac dec 100 10Hz 10GHz
stran 0 4us 1us

.noise V(OUT) VD dec 100 10Hz 10GHz

Characterization of OPA

1

W)

20uf

P flu

M3
—

1u

F=Mc

Cc

_J: 4p|F_.

‘ P [1u

Me
—

— —
1 mz2 - 4
= —1 }
— N_{1u N_1u {INP| mMC2 —
[ | N
L I_I'l.|'lfiea l_l'u'lﬁb — MCc4 \l_l'u'l?
N {1u N {1u N {1u N [1u

ouT

<|—|_‘ |—ﬁ ouT
=
=2
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Bias current (A)

Output voltage (V)

DC analysis

_____

Quiescent current

V(inp) V(inn)

Input- referred offset = -10.2uV

Input voltage (V)

11



AC analysis

AT Independent Voltage Source - VD
Functions

(® (none)

() PULSE(WT W2 Tdelay Trize Tiall Ton Period Mevcles)
() SIMNE(Voffzet Vamp Freq Td Theta Phi Moycles)

(O EPOVT W2 Td1 Taul Td2 Tau2)

() SFFM{Voff Wamp Fcar MO Fgig)

() PWILEET w1 12 w2l

() PWL FILE: Browze

Additional PWL Paints

Make this information vigible on schematic:

ot

Dz value:

Make this information vizible on schematic:

Dz Walue

Small zignal AC analysis( AC)

AG Amplituds:
Ao Phass [0 |

Make this information vizible on schematic:
Farasitic Properties

Series Resistance[n)

Farallel Capacitance[F]:

Make thiz information vizible on schematic:

Gancel
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AC analysis - differential mode

10008 g = o= = mmmmm e e P eI "Jl:lnp:l ______________________ T
< ®, = 269.1Hz 5
80dB phasei=-111.1 0
(Phasg margin = 68.9) | g,
60dB E
a L 90
= . Ad=98.5dB 5
~ 5 L1204
£ | ~
?D 205 150 %‘3
2 o}
‘,}:‘, T =T i _______________________________ —-180¢ O
; | :
%3 - 2100 S
= -20dB- A
.5 L2404
40dB- :
GBP =21.9MEGHz oo
60dB— / | 00,
'BUdB ! T TT '330‘

R L I L O D L D L
10Hz 100Hz 1KHz 10kHz  100KHz 1MHz 10MHz  100MHz 1GHz 10GHz

Frequency (Hz)



AC analysis - common mode

Common-mode gain (dB)

0dB—---------rmmmremnen e e R ESGRECETTEETEREERE

-TdB—

-14dB+

-21dB+

-28dB+

-35dB+

-42dB—

-49dB+

-56dB+

-63dB+

Ac=-41.7dB

— O

= -30¢

= -60¢

— -90¢

—-120¢

—-150¢

—-180¢

—-210¢

—-240¢

—-2704

—-300¢

—-330¢

-T0dB

Frequency (Hz)

I | I I I I I I
10Hz 100Hz 1KHz 10KHz 100KHz 1MHz 10MHz  100MH=z 1GHz 10GHz

Phase (deg.)



TRAN analysis

LT Independent \Vltage Source - VD

Functions

() inone)

(® PULSE(WYT W2 Tdelay Trize Tfall Ton Period Moycles)
() SIME(Voffzet Vamp Freq Td Theta Phi Moycles)

(O EPOVT W2 Td1 Taul Td2 Tau2)

() SFFM{Woff Wamp Fcar MDI Fzig)

(I PWLCHT w1 12 420

() PWL FILE: Browze

Winitial[V]:
Von[W] (2.2
Tdelay[=]: |2u=s
Trizelz] | Ins
Ttalllz]: | Ins
Tonlz] | lus
Tperiod[z]: | 2us

Additional PWL Paointz

Make this information vizible on schematic:

D Walue

Make this information wizible on schematic:

Small signal A analysis( AC)

AG Amplituds:
Ao Phase [1 |

Make thiz information vizible on schematic:

Farasitic Properties
Series Resistancelnl

Parallel Capacitance[F]:

Make this information vizible on schematic:

Gancel
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TRAN analysis - step response

Rate (V/s)

Voltage (V)

36MV/s

2TV 5
18MV/s
IMVis—
OMVYs

-90MVis—
-18MW{ s
2TV 5
-36MW{ s
4505
B4V 5

-B3MV/s

SR =-11.23V/us

__________________________________

Time (s)

V(inp)
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Spacification estimated by the
circuit stmulation

Evaluatmn item

MEGHz 21.9 CL=1.0pF
Ad dB 98.5 @ 10Hz
Phase Margin degree 68.9

Hz 269.1

. dB -41.7dB @ 1kHz
CMRR dB 140.2 @ 1kHz
Slew Rate V/us 11.23 CL=1.0pF
Offset voltage uVv -10.2

Quiescent current IV 189.9

17



Output noise (V/Hz'?) Input-referred noise (V/Hz17?)

7TnV/iHz?

Noise analysis

TOn\V/Hz?
B3n\V/Hz7
56n\/Hz7
49nViHz 7+
42n\ViHz 7
35n\V/Hz7
28nViHz?+
21nViHz 7+
14n\V/Hz7

n\V/Hz?—

Vn=5.6nV/Hz!2

d

OnViHz?

V{mz2) Vimd) V(mE) VimT7)

ouT
M2 M1 and M2 are the dominant noise sources.
M4

M6, M7

Frequency (Hz)
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