Lab. 03

CHARACTERIZATION OF
ANALOG INTEGRATORS



1. Behavioral model of OPA

AT Symbol Attribute Editor

« Draw up the schematic and symbol of
the behaivioral model of the full-
differential OPA. (see next slide) g

« Set up the attribute of Ao and GBP for  |seues

YWalue

Symbol Tyvpe: | Block v

the SymbOI. :zils:fine Ao=100k GEBP=10MEG
— [Edit] - [Attributes] - [Edit Attributes] A
« This is used for the default value of the parameters. |~
— [Edit] - [Attributes] - [Attribute Window] Garce

* Click "SpiceLine" and Click "OK" button to show
the parameters on the schematic automatically.

e Simulate the AC response of the model.

— Show the simulation results of V(INP)-
V(INN), V(OUTP)-V(OUTN).



Schematic and symbol

Schematic Symbol

. —OUTE>

G1
INP> HE; RI O INN <InstName>
g 1.0 {Ac/GBP/6.28318530717959} I e OUTP
{Aol2} » ﬂ

: : + (Ve VCM [—rem >
G2 bt st OUTN
+ R2 Cc2
) { 0 == Ao=100k GBP=10MEG
{Aol2} ' {Ac/GBP/6.28318530717959} INP
- OUTN SpiceLine
Ao: Open loop gain
GBP: Gain bandwidth product 1. Draw the outline of the symbol.

. [Edit] - [Add pin/port]
3. Right-click and set the label of
the pin/port properties.
4. [File] - [Save as]



[Note] Files of schematic and symbol

e Use the menu [File] - [Save As] to save the file of the
schematic and symbol data for the first time.

— Do not use [File] - [Save], because the default name is used.

* The same filename have to be used as the schematic and
symbol data, except for the extension. (The extension 1s
automatically added.)

— For example

« OPA_BH.asc for the schematic data
« OPA_ BH.asy for the symbol data



Test bench of behavior model

.ac dec 100 1Hz 1GHz . [Simulate] - [Edit Simulation Cmd]
<

INP Z Right-click and set the value = -1.
X2
3 Vi = E1 INN— - UTP
T i 7 .-
INP— + - UTN

Ao=100k GBP=10MEG
V.\

Right-click and set the value of AC
amplitude, AC phase, and DC value.

)

leferentlal—mode signal




2. Simulation of CAI and DAI

e Carry out an AC analysis and TRAN analysis of the CAI
(Continuous-time analog integrator) and the DAI (Discrete-
time analog integrator) with the behavioral OPA model.

« Show the operating frequency range of the CAI in the result
of the AC analysis and evaluate the gain errors of CAI and
DAI at the unity gain frequency by using the TRAN
analyses.



Schematic of CAI

;ac dec 100 1Hz 1GHz

A

.ic V(OUTP)=0.5V V(OUTN)=-0.5V

[Edit] - [SPICE directive]

 ".1c" statement suppresses an

tran 0 200ms 199.97ms 0.1us

initial transient.

C1 10pF
N 2 i E E
| T - R1 100K X2 J 3 ~0o
NP> B ouTP> /
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-1 [INN>—\ /N — t }] [OUTN > 100fF | 100fF
R2100k | Ap=100k GBP=10MEG
I
_ SINE(0OV 0.5V 159kHz) co oF :
[Edit] - i Load capacitors
[Label Net] [Edit] -
-1 1 Label Net
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L 1 159kH
. = = = YA
Junity 2mtR1C1 ~ 21 - lus



INOTE] .IC SPICE-directive

You can set the itial condition of the circuit by using .IC
directive. The initial voltage or current can be set for each
node or each branch.

* Oscillator and multi-stable circuit (Required)
— An oscillator requires the trigger to start the oscillation.

— A circuit which has a multiple stable state requires the initial
condition to break the initial meta-stable state.

 Circuit having large time constant (Advisable)

— An appropriate initial condition helps the circuit which includes a
large time constant to shift to the steady-state.



Schematic of DAI

[Edit] - [SPICE directive]

v . . .
Jib cmos.lib .ic V(OUTP)=-0.5V woum]=u.5v‘— SUppressing an lnltlal transient
.global VDD VSS
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CMOS switch

Schematic Symbol
global VDD VS5 %
The ".global" declares ﬁTg ET_ <In5tﬁ¥ame>
the global wire across ““,:, = %
the hierarchy such as the D Vs z ol w [ -
power lines. z =

M1 lu Su 1 15p l1u 5

M2 lu 15u 1 45p 21u 15
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Schematic

Inverter
Symbol

.global VDD VSS VDD
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NOR

Schematic Symbol

.globalvDDVSs VDD
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Non-overlapping clock generator

Schematic

.global VDD VSS
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