Lab. 11

CHARACTERIZATION OF
DIFFERENTIAL AMPLIFIER



1. DC bias and input range

* Carry out the analysis of the differential amplifier shown in
the next slide. In the DC analysis, use 20 k€2 load resistor
(RL) to sink and source the output current.

* Check the output voltage, the input voltage, the drain
current of M1 and M2, the common source voltage V(MC).

— Note: The input and output signal is biased by the common mode
voltage VCM. Then the load resistor must be connected to VCM
node.
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Parameters

MOSFET |L(m) |W(m) W/L
AS(mZ) PS(m)

M1, M2 1

M3, M4 2u 20u 1 60p 26u 10
MS5-M15 2u 10u 1 30p 16u 5
Ml16-M18  2u 10u 3 30p 16u 15



Differential signal source

AT Independent Voltage Source - W1 >

Functions DC Value
() {none)

(JPULSECWT W2 Tdelay Trize Tiall Ton Period Moyvcles)
(®) SINE{Woffset Wamp Freq Td Theta Phi Moycles)

Make thiz information vizible on schematic:

() EXPIV W2 Td1 Taul Td2 Taul) Small zignal AC analyzis( AC)

(O SFFM(vatf Vamp Fear MDI Fsig) AC Amplitude:
O PWL{tT w1 12 v2.) AC Phase: [0 ]
() PYWL FILE: [ST— Make thiz information visible on schematic:

Paraszitic Properties

DG offset[V] Series Fesistance[ol:

Amplitudelyl [TAMFT Parallel Capacitance[F]:
) FreqlHz} | TMEGHz Make thiz information vizible on schematic:
Substitute Telayls]
by .step Thetal[1/5])
. 3 Phildee]
directive Yool

Bdditional PWL Points
Make thiz information visible on schematic: Cancel|




2. AC analysis

e Carry out the AC analysis of the differential amplifier
shown 1n the previous page. In the AC and TRAN analysis,
use the 10fF capacitive load.

* Measure the differential gain, the cut-off frequency, the
unity gain frequency, and the phase margin.

— Remove the load resistor RL or set the RL to 1TQ, because the
voltage gain is degraded by RL.

— Set the AC magnitude of the signal source = 0.5V, that is, the
amplitude of the differential signal is given at 1.0V. In an AC
analysis, the distortion cannot be considered, because the analysis
is carried out for the linearized small-signal equivalent circuit.
Therefore, the amplitude of signal source is usually set at 1.0V for
convenience to obtain the sensitivity to the input amplitude. 6



3. TRAN analysis

* Carry out the TRAN analysis of the differential amplifier
shown 1n the previous page.
— The amplitude of the input signal is stepped by .step param
directive.
* Show the output waveform and FFT results.

— FFT requires the large number of point in the waveform. The
automatic data deletion must be suppressed by the .option directive.

— .options plotwinsize=0

— FFT can be applied to the 2N data. Here the number of data is set to

the default value (262144 = 218). Please see the comment on the FFT
setting in http://jaco.ec.t.kanazawa-u.ac.jp/edu/ec2/Itspice/26.html



Parameter of transient analysis

AT Select Waveforms to include in FFT x
: : NOTE: Fauri t lized t

AT Edit Simulaticn Command [ IO*PCI'IOd Of Slgnal c:DrrespDngutr;e{hiotr?ggnggmsa;rERRﬂDSrrg?ngﬁtudﬂe.

Cirl=Click 1o tosele Gancel
. . . Wics) Winl0g) TW1) hima) M1 M2 T=(MB)  Ie(MI6)  Is(h
A e e\ oy M) S i b, s g Ew EmD 20
Perform a nonlinear, time-domain\ fulation. W\/(ﬂuum Ve BOMID MO HMIS) eiME)  IsOMI) Is(h
. Vivem, Wn010) BiM1) LiMI12) CME) MG I=(M3)  I(MZ)  Ie(M
Stop Time: Vivdd]  Wind11) BiM2)  biM13) (Ml M(MIT) EMID) k(M3 Ik
. . Winl01) Win012) i3]  hiM1dy M7 IIMI8) T=(MI1) Is(Mdy  Ts(h
Time to Start Saving Data: Vin002 HGH  biMa)  BiMI5) (M) IefMI)  RiMI2) L(ME)  Is(h
. . Win003y LE1 bima)  DiM16) IME M2 Te(M13) I=(MB)  Is(h
Maximum Timestep: EE.HEQ?EEEpsl Vil Kef)  DiME;  LiMI17 M0 IeiM3) =M1 (M7 I=ih

Win00s) LRI LiM7)  BiM18) MU M4 Ie(M15)  I=(ME)
Start external DO supply voltages at 0 [ . N
Stop simulating if steady state iz detected: [ i .
Mumber of data point zamples in time: 262144 =
Don't reset T=0 when steady state iz detected:
Step the load current source: Stop tlme/z 62 1 44 }:Iude Quadratic: interpolate uncompressed data
Skip Ihitial operating point solution: s | 1 (®) se Extent of Simulation Data
i i . () Use current zoom Extent
Swntax:  tran <Tprinty <Tstop> [Tetarty [KTmaxstepr]] [Koption: [Koption:] .] End Time: &= () Specify a time range

dran 0 20us 10us 38.14697266ps

Binomial Smoothing done before FFT and windowing

MNumber of Points: =

Windowing (Periodic and normalized to unit area)

Cancl

Windowing Function: |{nhone) “

Presigm Window

MOTE: The DC component s removed before windowing.

Reset to Default Values



