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This sheet is used to design a low speed Miller Operational Amplifier, using the technique explained by Willy
Sansen in his book "Analog Design Essentials" chapters 1 and 6, main slide 0629.

PMOS input devices are chosen as these normally have better matching and lower noise. There is a good
explanation of why this is generally better in Analog integrated Circuit Design, Johns, Martin, page 232
Cc in the following schematic is replaced with Cc and Rc in series.

Design Inputs yellow; BSIM inputs blue; outputs green
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STEP 1. Design requirements in yellow. Blue are the BSIM3 MOS parameters.
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STEP 2. From U0 and the other BSIM mobility parameters, calculate the mobility for the NMOS and the PMOS
devices as this changes with Vgt. The equations for this are from W Liu "Mosfet Models for Spice Simulation",
page 249. Assume MOBMOD=1 which is the default.
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STEP 3. calculate FT (frequency at which gain equals 1) for transistor M6 to get the gain-bandwidth. From this
we can calculate L (Gate Length) and we use this same L for most of the transistors. The EKV model is used
here, as this is what Samson uses, refer slides: 0138, 0140, 0165, 0627. The gate length needs to be at least

twice the minimum.
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We also get this strange graph that
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STEP 4. use the following equations to calculate the widths and currents of M6 and M5, which are dependent

on CL.
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STEP 5. we need the Early voltage for M6 so that we can calculate the output resistance to get the voltage
gain. From this we can convert Cc to the equivalent input capacitance from the Miller equation. W Liu "Mosfet
Models for Spice Simulation”, equations A-62, A-78. The equivalent Early voltage is VA and this converts to
the ro6 by the slope at the point of operation. The output impedance is halved as M5 needs to be considered and is
assumed to be equal to rout of M6. Also a 1/2 adjustment is made for ro, as we are working near VTHO and ro is
reduced.
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Vgain6:= gme,x%; Cn1 = Cgep + (1 + Vgaing)>C, f06=206" 10°xohm  VA6= 11979 xV
VgainG_dB := 10 xlog(Vgaint) C, = 10.818 xpF Vgain6 = 31.119
Vgain6_dB = 14.93

STEP 6. Now scale M1 and M2. Keep Vgtl low to minimise noise. B needs to be high to save current, but
recommend this is kept at 1. L needs to be greater than twice the process minimum.
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STEP 7. calculate the voltage gain for stage 1 and then calculate the overall voltage gain. The output
resistance is the Early voltage divided by the current. This is halved because both there are two FETS and the
gain is halved again as we are working near VTHO and the output resistance is slightly lower at this point.
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Vgainl:= gml% Gain_dB := 20log(Vgainlx/gain6) VAL=10.827 xV

Vgainl = 507.055

Vgainl_dB = 10xlog(Vgaind) fol=746" 10°xohm  Vgainl dB = 27.051

STEP 8. calculate the compensation components Rc and Cc. This is calculated to 5.74, 5.75, 5.76 and
according to Analog integrated Circuit Design, Johns, Martin, page 243. The classic method is Rc1, but
because we know the output capacitance the Rc3 is a good choice. | have cheated and averaged!!
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Design Requirements
G ° 1IpF GBW®° 20MHz Vgt6° 02V a°3 R°3 ?2°2 B°1 Vgtl° 0.1V



Ln(Vat6, Fr) = 0.824 xum
Wg = 29.278 xpm

W, = 14.639 xpm

Ln is the length of

all devices except
M1 and M2

W6 is the width of

Summary of circuit values

Lp = 0.515 xum

W, = 36.276 xpm

Lp is the length of

M1 and M2

W1 is the width

of M1 and M2
M6, M5 and M7.
W4 is the width
of M3 and M4
Simulation

C, = 0333 xpF

Rc = 6.088 xkohm

Ipss = 31.099 XA

Gain_dB = 83.962

The amplifier is simulated using ADS with BSIM3 parameters available from the BSIM3 website at Berkeley (and
used in the calculations). The current reference is set to 31uA which means the total current excluding the
biasing is only 62uA The output range goes to within 300mV of the rails.

This is a very good amplifier for this current and for such a large output capacitance

The transistors are not so great
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The gain from the first stage is simulated 27.7dB, calculated 27.051dB

The simulations are better than calculated
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The gme6 is simulated 0.254mA/V, calculated 0.302mA/V.

Vgainl_dB = 27.051

welg] Gain 1=(AC_X 1.vin_m&/AC vin)

gm1 (mAMN)
2TTTE
2T TT0—
27 TE5—
27 Tal—
27 TEE
b R Y N R R
10 15 20 25 20 315 40 45
freq, KHz



The unity gain frequency is simulated as 80MHz but calculated as 20MHz.
The top sim is open loop and the output signal is compared in amplitute to the input signal in blue
The plot at the bottom is with unity gain showing that there is some peaking and also about 100MHz simulated
bandwidth
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