EE3C11: Structured Electronic Design
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Application and initial specification
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Signal source: voltage, mean value=0, max. deviation +/- 25mV,
Source impedance: resistive, about 600 Ohm

Load: voltage mean value = 2.5V max. deviation +/- 2.25V,

Load impedance: capacitive, up to 3.4nF

Small-signal bandwidth: 100Hz ... 500kHz

Full-power bandwidth: >= 100kHz

Noise figure < 3dB

Supply voltage: 5V

Operating temperature: room temperature
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Engineering characteristics

Amplifier performance requirements

P]1 Input impedance

P2 Input voltage

P3 Load capacitance

P4 Quiescent load voltage

P5 Load signal voltage

P6 Rate of change output voltage
P77 Noise figure @ 600 Ohm

P8 Small-signal bandwidth

P9 Gain and bias inaccuracy

Cost factors
C1 Power supply voltage

Environmental conditions
E1l Operating temperature

>> 600 Ohm

50 mV,

3400 pF

2.5 Vpe

4.5 V,,

>=1.41 V/us

<= 3 dB

100Hz ... 500kHz
<= 3%

20 deg. Celsius
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Design

Voltage transfer independent of
source and load impedance.

A, =%

Vs

4.5 _
oos = 90

Amplifier concept for establishing
a nonzero value for A only

Best performance with nonenergic
feedback

Wide-band transformer expensive

Passive feedback configuration

Feedback network increases noise
and power losses of controller

of amplifier configuration

R
S, A4 B\ + J_ +
w(D (¢p) | a=v
A — — —
A=4,B=0,C=0,D=0
Nonzero value for A:
Parallel sensing
o Zero output impedance
R - Series comparison
— Infinite input impedance
+ 1 R +
Vs<> Ry, ) V)
—_ I CE —
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Noise design

Find and solve design equations for elements that contribute to the noise

1. Feedback resistors
2. Controller equivalent intput noise sources

Noise model:
R Svtot = 4kT (RS + RaHRb) + SVn + an (RS T RCLHRb)2
a Vn . .
Rs ] N Noise figure of 3dB:
. - 1\ Sy,.. = SkTR,
V3<> £y T[" Show stopper values:
~ R.||Rpy < R 600¢
- - nVv
Svn < 4kT R, 3.15@
an < 4}153 525\/%
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Voltage and current drive capability
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Voltage and current drive capability

Load drive requirements

Load signal voltage: 4.5V,

Maximum rate of change @ 100kHz sine wave, 4.5V,,: 1.41 V/us
Maximum load current @ 100kHz sine wave, 4.5Vpp, 3.4nF: 4.8mA
Quiescent output voltage: 2.5V

Supply requirements

kMinimum CM input ;Sourcing output saturation | 4
Supply voltage: 5V R élIBl Q=
No power consumption requirements l $
. : v, I,
Biasing errors take a part of the  cuimw Y -
“ange u v
budget for the total voltage drop i o
B|as|ng Concept W|th AC Coupllng | to negative supply { Sinking output saturation

As presented in Chapter 9

OpAmp requirements

Supply voltage: 5V
Current drive capability: > 4.8mA + current through feedback network
Output saturation source/sink: < 0.25V - total output biasing error voltage
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Biasing errors

+ 1
Vsupply g) B RB1R
o
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L b |
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Contributions to biasing errors:

- Supply voltage tolerance
- Resistor tolerances

- Bias current OpAmp

- Offset current OpAmp

- Offset voltage OpAmp

Interaction with other performance
aspects:

- Noise: Re > Ry, 576 < Rs
- Bandwidth: zwflecA < Ry

- Accuracy: R.> R,

- PSRR: s < (Ry||Ra)
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1R3

value = Rp1

o=o0,Rp
() (2)1
R4

value = Rpo
T o = orlip2

V1
dc = ‘/;upply
0 — O_v‘/supply

Biasing errors

X1
O _dcVar
iib = I
RO S%b = .[bUIb
value = R, >0 = toff
O':(TTRC SVO = Vo f f
(3)
(out)
(4)
R1
value = R,
o=o, R,

Simplified result: R.>

2
OV out

+ 03V2 < s

2
207 (i 7).
"\ Rp1 + Rpo

supply

2
T Voyy
+i255 (Re + Ry’

- U?bll? (Rc — Ra)2

-0, 1) (RZ + R;)
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Bandwidth design

Determination of the required GB product of the OpAmp

Use the simplest model that provides this information:
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Bandwidth design

Evaluation of loop gain-poles product

_ Ao
Av B 1"‘52ng
I N T A o o
R Vi AV, R, Cpm=1V, -
| - A - ~  LP; = GBz-[Hy]
+ — Achievable bandwidth B equals LP product:
(D
N a0 GB > fletfe BIHy]

— I GB > 45 MHz
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