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Ro = Op Amp Open Loop Output Resistance
Rour = Op Amp Closed Loop Output Resistance
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1) B =Veg/ Vour = [Vout (Ri/ {Re + RPIVour =R/ (Rg + R)
2) Royr = Vour/ lout

3) Vo = -V Aol

4) Ve =Vour [Ri/ (Re + R))]

5) Vout = Vo * loutRo
6) Vout = -VeAol + IgytRg Substitute 3) into 5) for Vg
7) Vout = “Vour [R/(Rg + R))] Aol+ Ig 1R Substitute 4) into 6) for Vg
8) Vout * Vout [R/(Rg + R))] Aol = IR Rearrange 7) to get Vg r terms on left
9) Vout = loutRo / {1+[R/A0l/(R+R)]} Divide in 8) to get V1 on left
10) Royr = Vout/lout =[ loutRo / {1+[R,A0l / (Re+R)1} 1/ loyr
Divide both sides of 9) by It to get Rgy7 [from 2)] on left
11) Rour = Ro/ (1+A0lB) Substitute 1) into 10)

Rour =Ro/ (1+A0IB)
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OPA353 Specifications:
Aol @1MHz = 29.54dB = x30

OPEN-LOOFP GAIN/PHASE vs FREQUENCY
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OPA353 Specifications:
Royt (@1MHz, G=10) = 10Q
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OPA353 R, Calculation
Royr =R,/ (1+A0lB)

R, = Ryyr (1+A0IB)

R, = 10Q (1+ 30[1/10])
R, = 40Q
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Op Amp Model :
R, = 400 I
~

Rour = Vour'bur
Rour= 1mV/0.1mA
Rour= 100
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Ro 1 Rour® AR
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» R, does NOT change when Closed Loop feedback is used

> Rgyr is the effect of Ry, Aol, and @ controlling V,

v" Closed Loop feedback (B) forces V, to increase or decrease
as needed to accommodate V, loading

v' Closed Loop (B) increase or decrease in V, appears at Vg,; as
areduction in R,

v Rgyr increases as Loop Gain (AolB) decreases
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> R, is constant over the Op Amp’s bandwidth ‘g N

> R, is defined as the Op Amp’s Open Loop Output Resistance

> Ry is measured at I, =0 Amps, f= 1MHz
(use the unloaded R, for Loop Stability calculations since it will be the largest
value 2 worst case for Loop Stability analysis)

> R, is included when calculating B for Loop Stability analysis
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In Fig. 3.9 we show a Simple AC SPICE Model for the OPA353. Here we use the 40Q we computed for Ro.
Notice that we break the loop for AC Stability Analysis here using the SPICE Loop Gain Test. The loop break is
made between RO and VO in order to analyze the effects of Ro on 1/B. This will become extremely important in
stabilizing capacitive loads driven by op amps (this topic will be covered in detail in Part 7 and Part 8 of this
series).
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SPICE Loop Gain Test - Break the loop between VO and RO
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Modified RO SPICE Model OPA353

U1 is Mfr SPICE Model
Add VO (VCVS w/G=1) and new RO
Allows SPICE Loop Gain Test 1/ curve to include effects of RO
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R, Ro Ro
Part (ohms) | | Part (ohms) | | Part (ohms)

OPA132 80 OPA348| 600 OPA627 55
OPA227 40 OPA350| 50 OPAG684 50
OPA277 10 OPA353| 44 THS4503 14
OPA300 20 OPA354| 35 TLCO080 100
OPA335 90 OPA355| 40 TLCO081 100
OPA336 | 250 OPA356| 30 TLC2272 | 140
OPA340 80 OPA363| 160 TLE2071 80
OPA343 80 OPA380| 30 TLV2461 173
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AVO. LA 3.16 HF R LM, LA, IOUTIEL AVOUTL /RL. RO_LHE[M AVOUT-

SR

VOUTL. RO_L[FEMEERCAHEGE, BRI WX sk 26 iR R IROME . 1HERL, XFES R = 108.2Q, 1
RoMUiEAF AR = 109.42Q. X Tl E B MIRe , PIRF 7 VL #0 A& vT LLEE 2 1) .

RO

, VOUTL
- MWy ¢ mems 24.15mVrms
\O RL100
OPA364 R, Calculation:
\OUT 1) IOUT = VOUTL / RL
l“ 50.29mVrms IOUT = 24.15mV / 100
o VOUTL IOUT = 0.2415mA
24.15mVrms  2) RO = (VOUT - VOUTL) / IOUT
RL 100 RO = (50.29mV — 24.15mV) / 0.2415mA
R, = 108.2Q

3) RO = [RL (VOUT - VOUTL)] / VOUTL

{Substitute 1) into 2) and solve for RO}
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