
RReeder 

1/5/2017 

FMCADC10 - DC Coupled Derivation: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Final values and general block diagram. 

 

VIP (V) 0

VIN (V) 0

VCOM (V) 1.4

ENBL (V) 1.4

VOP (V) 1.4

VON (V) 1.4



Figure 2: ADL5569 internal feedback resistor values shown. 

 

Eqn 1: Ifb = 2.54mA 

 

Eqn 2: With an input 0V common mode voltage, R1 is pulled low to Vee and the follow resistor value 

is required. 

 

Eqn 3: With an output 1.4V common mode voltage, R4 is pulled high to Vcc and the following resistor 

value is required. 

 

Eqn 4: Va node is found to be +0.127V based on the Ifb and internal input resistance.  

 

Eqn 5: Both the input and output common mode range moves around based on the Vcc and Vee 

voltages as shown for the case above. Ideally both input/output ranges should be centered, if 

possible, to achieve best distortion (SFDR) performance. 



 

Figure 3: Vcom Node Internal to the ADL5569. 

 

Eqn 6: Using superposition the ratios of R1 and R2 can be found in order to force the Vcom pin to a 

specific voltage as in this example above to 1.4V. 

 

Eqn 7: Now use the ratios to back calculate the parallel combination of an external resistor needed to 

force the Vcom node to the voltage specified or 1.4V in this case. 



 

Figure 4: Therefore, the final configuration of the Vcom node will look as shown here with an 6.3k 

resistor pulled to +3.3V for a Vcom of +1.4V. 

********************************************************* 

Other DC Coupled Notes: When moving from a differential input signal to single-ended input signal as 

shown here the loss in the gain expected will be on the order of another -3dB…this is shown in the 

following derivation from the FMCADC7 design.  

FMCADC7 - DC Coupled Derivation: 

 

 

Figure 1: Final values and general block diagram. 



 

Figure 2: ADL5567 internal feedback resistor values shown and load, Rl from the figure 1. 

 

Eqn 1: Rin = 91.7ohms 

 

Figure 3/Eqn 2: With a -8dBm signal to reach fullscale of the converter the Thevinen equivalent 

termination was calculated. Or Rth = 33.33ohms and Vth = 0.168Vpp 

 

 



Eqn 3: Knowing the values of Rf, Rg, Rth and Vth, Vout is solved and the single-ended (SE) to 

differential (DIFF) losses are found in this configuration, or -3.5dB. 

 

Eqn 4: Vout is found to be 1.008Vpp  

 

Eqn 5: New gain is found around the amplifier of 15.56dB overall with a calculated value of 1.6dB loss 

with the anti-aliasing filter (AAF). 

 

********************************************************* 
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IMPACT OF MISMATCHES IN THE FEEDBACK NETWORKS  

As previously mentioned, even if the external feedback networks (RF/RG) are mismatched, the internal common-mode 
feedback loop still forces the outputs to remain balanced. The amplitudes of the signals at each output remain equal and 
180° out of phase. The input-to-output differential mode gain varies proportionately to the feedback mismatch, but the 
output balance is unaffected. The gain from the VOCM pin to VOUT, dm is equal to  

2(β1 − β2)/(β1 + β2) 

When β1 = β2, this term goes to zero and there is no differential output voltage due to the voltage on the VOCM input 
(including noise). The extreme case occurs when one loop is open and the other has 100% feedback; in this case, the gain 
from VOCM input to VOUT, dm is either +2 or −2, depending on which loop is closed. 6e feedback loops are nominally 
matched to within 1% in most applications, and the output noise and offsets due to the VOCM input are negligible. If the 
loops are intentionally mismatched by a large amount, it is necessary to include the gain term from VOCM to VOUT, dm and 
account for the extra noise. For example, if β1 = 0.5 and β2 = 0.25, the gain from VOCM to VOUT, dm is 0.67. If the VOCM pin is 
set to 2.5 V, a differential offset voltage is present at the output of (2.5 V)(0.67) = 1.67 V. The differential output noise 
contribution is (9.6 nV/√Hz)(0.67) = 6.4 nV/√Hz. Both of these results are undesirable in most applications; therefore, it 

is best to use nominally matched feedback factors. 

Mismatched feedback networks also result in a degradation of the ability of the circuit to reject input common-mode 

signals, much the same as for a four-resistor difference amplifier made from a conventional op amp. As a practical 

summarization of the above issues, resistors of 1% tolerance produce a worst-case input CMRR of approximately 40 dB, a 

worst-case differential-mode output offset of 25 mV due to a 2.5 V VOCM input, negligible VOCM noise contribution, and no 

significant degradation in output balance error. 

CALCULATING THE INPUT IMPEDANCE FOR AN APPLICATION CIRCUIT  

The effective input impedance of a circuit depends on whether the amplifier is being driven by a single-ended or 
differential signal source. For balanced differential input signals, as shown in Figure 57, the input impedance (RIN, dm) 
between the inputs (+DIN and −DIN) is RIN, dm = RG + RG = 2 × RG. 

 

Figure 57. ADA4932-x Configured for Balanced (Differential) Inputs 

 For an unbalanced, single-ended input signal (see Figure 58), the input impedance is  

 



 

Figure 58. ADA4932-x with Unbalanced (Single-Ended) Input 

 The input impedance of the circuit is effectively higher than it is for a conventional op amp connected as an inverter 
because a fraction of the differential output voltage appears at the inputs as a common-mode signal, partially 
bootstrapping the voltage across the input resistor, RG. The common-mode voltage at the amplifier input terminals can be 
easily determined by noting that the voltage at the inverting input is equal to the noninverting output voltage divided 
down by the voltage divider that is formed by RF and RG in the lower loop. This voltage is present at both input terminals 

due to negative voltage feedback and is in phase with the input signal, thus reducing the effective voltage across RG in the 

upper loop and partially bootstrapping RG. 

Terminating a Single-Ended Input  

This section describes how to properly terminate a single-ended input to the ADA4932-x with a gain of 1, RF = 499 Ω, and 
RG = 499 Ω. An example using an input source with a terminated output voltage of 1 V p-p and source resistance of 50 Ω 
illustrates the four steps that must be followed. Note that because the terminated output voltage of the source is 1 V p-p, 
the open-circuit output voltage of the source is 2 V p-p. The source shown in Figure 59 indicates this open-circuit voltage.  

1. The input impedance is calculated using the formula 

 

 

Figure 59. Calculating Single-Ended Input Impedance, RIN 2. 



2. To match the 50 Ω source resistance, calculate the termination resistor, RT, using RT||665 Ω = 50 Ω. The closest 
standard 1% value for RT is 53.6 Ω. 
 

 

Figure 60. Adding Termination Resistor, RT 

3.  Figure 60 shows that the effective RG in the upper feedback loop is now greater than the RG in the lower loop due to 

the addition of the termination resistors. To compensate for the imbalance of the gain resistors, add a correction resistor 

(RTS) in series with RG in the lower loop. RTS is the Thevenin equivalent of the source resistance, RS, and the termination 

resistance, RT, and is equal to RS||RT. 

 

Figure 61. Calculating the Thevenin Equivalent 

RTS = RTH = RS||RT = 25.9 Ω. Note that VTH is greater than 1 V p-p, which was obtained with RT = 50 Ω. The modified circuit 

with the Thevenin equivalent (closest 1% value used for RTH) of the terminated source and RTS in the lower feedback loop 

is shown in Figure 62. 

 

Figure 62. Thevenin Equivalent and Matched Gain Resistors 

 Figure 62 presents a tractable circuit with matched feedback loops that can be easily evaluated. It is useful to point out two 
effects that occur with a termi- nated input. The first is that the value of RG is increased in both loops, lowering the overall 



closed-loop gain. The second is that VTH is a little larger than 1 V p-p, as it would be if RT = 50 Ω. These two effects have 
opposite impacts on the output voltage, and for large resistor values in the feedback loops (~1 kΩ), the effects essentially 
cancel each other out. For small RF and RG, or high gains, however, the diminished closed-loop gain is not canceled 
completely by the increased VTH. This can be seen by evaluating Figure 62. The desired differential output in this example 
is 1 V p-p because the terminated input signal was 1 V p-p and the closed-loop gain = 1. The actual differential output 
voltage, however, is equal to (1.03 V p-p)(499/524.5) = 0.98 V p-p. To obtain the desired output voltage of 1 V p-p, a final 
gain adjustment can be made by increasing RF without modifying any of the input circuitry. This is discussed in Step 4. 

 

4. The feedback resistor value is modified as a final gain adjustment to obtain the desired output voltage. To make the 

output voltage VOUT = 1 V p-p, calculate RF using the following formula: 

 

The closest standard 1% value to 509 Ω is 511 Ω, which gives a differential output voltage of 1.00 V p-p. The final circuit is 

shown in Figure 63. 

 

Figure 63. Terminated Single-Ended-to-Differential System with G = 2 


