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Figure S1 | Illustration of experiment setup and task. (Left) Neural data is recorded from the
monkey brain using a neural interface recording system. (Right) Green circles represent the possible
target locations and the dashed squares show the acceptance area of the target.

Figure S2 | Neural interface parameter simulation signal processing pipeline divide into continuous
time domain (CT‐domain) and discrete time domain (DT‐domain).

Figure S3 | Decoder performance as a function of added SER. Data recorded during center‐out‐
and‐back cursor trials of three monkeys (J, L, and R) and a human participant (T5), see Methods.
Values (R2 and classification accuracy) are normalized to performance when decoding an
undistorted signal (e.g., R2SER/R2original and %SER/%original). Vertical error bars represent the standard
error of 10‐fold cross validation across 10 days with 100 trials in each day (n=100 R2 or classification
accuracy estimates). Horizontal bars in the right top corner indicate significant change in
performance compared to the undistorted signal (two‐sided Wilcoxon rank‐sum test, p < 0.05) ‐ bar
colors correspond to the user. (Top‐Left) Linear decoder for cursor velocity. (Top‐Right) Support
vector machine classifier. (Bottom) Naive Bayes classifier. Vertical dashed lines indicate the SER
values in which performance starts to degrade.

Figure S4 | Successive approximation register (SAR) analog‐to‐digital converter (ADC) model and
conversion energy as a function of signal‐to‐noise ratio (SNR). The model takes into account a
capacitive digital‐to‐analog converter (CDAC), a comparator, and the SAR logic. The dashed line
shows the approximation of 4x power increase per extra bit of resolution, which holds only for
signal‐to‐noise ratio (SNR) greater than 50 dB. The following parameters, reasonable for a 65 nm
CMOS technology, were chosen for this model: Vinpp= VDD= VREF=1 V, SNR‐bits = B ‐ 0.5, CU,min = 0.5
fF, CC,min = 5 fF, NB = 8 gates/bit, EG = 3 fJ/gate. Where Vinpp is the peak‐to‐peak input signal, VDD is
the supply voltage, VREF is the reference voltage, SNR‐bits is defined as in [77] with B the number of
bits in the quantizer, CU,min is the minimum realizable capacitor, CC,min is the minimum load
capacitance for the comparator, NB is the minimum number of logic gates used per bit of resolution,
and EG is the energy consumption per logic gate.

Figure S5 | Electrode mean firing rate distributions of the three monkeys (J, L, and R) and the
human participant (T5). Thresholds were set to ‐4.5  RMS (see Threshold crossing detection
Methods section for more details). Black dots indicate average firing rate across all electrodes.

Figure S6 | Study of iBCI performance as a function of the neural interface parameters. (top row) R2
as a function of f0 and f1. The rms multiple (n), which determines the threshold, was optimized for
each frequency band separately. The marker 'o' represents the frequency band with maximum
performance, 'x' represent frequency bands that resulted in significantly lower performance than
the best frequency band (two sided Wilcoxon rank‐sum test, p<0.05). R2 (means.e.) as a function
of number of SNR‐bits (middle row), and power spectral density of added noise (bottom row) for
selected bandwidth. Horizontal lines represent significant differences (two‐sided Wilcoxon rank‐
sum test, p<0.05) compared to best R2. Note: T5 has a slightly higher robustness to parameters
change (e.g., bandpass filtering and added noise) compared to the monkeys. We attribute this to
the smoother kinematic produced by the iBCI, which are easier to estimate compared to the
monkey's hand control kinematics (see Methods section for more details). For all sub‐figures, as
explained in Figure 3, hand velocity was predicted with a Kalman filter (10‐fold cross validated across
10 days with 100 trials in each day) from the preprocessed spike signal. Decoding performance was
evaluated with velocity coefficient of determination (n=100 R2 estimates, see insert). Significance
was tested with two‐sided Wilcoxon rank‐sum test (p<0.05). Vertical dashed lines indicate the values
in which performance starts to degrade.

Figure S7 | Optimal threshold RMS‐multiplier (n) distribution across 10‐folds and 10 days of each
user – Vthreshold=n VRMS (see Methods section for more details). Black dots represent the mean ().

