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Abstract—A noncoherent amplitude shift keying (ASK)-based
RF-interconnect (RF-I) system design for off-chip communication
is analyzed. The proposed RF-I system exploits the simple architecture and characteristics of noncoherent ASK modulation. This
provides an efficient way of increasing interconnect bandwidth by
transmitting an RF-modulated data stream simultaneously with a
conventional baseband counterpart over a shared off-chip transmission line. Both analysis and tested results prove that the performance of the proposed dual-band (RF+baseband) interconnect
system is not limited by thermal noise interference. Therefore, a
more sophisticated modulation scheme and/or coherent receiving
scheme becomes unnecessary within the scope of system requirements. In addition, it confirms that the proposed inductive coupling
network is able to support simultaneous bidirectional communications without using complicated replica circuits or additional filters
to isolate simultaneous baseband and RF-band data streams.
Index Terms—Dual-band signaling, inductive coupling, memory
interface, noncoherent amplitude shift keying modulation, RF-interconnect, simultaneous bidirectional communication.

I. INTRODUCTION

I

N THE earlier days of the semiconductor industry, much
effort was dedicated to only the performance of device
speed and number of transistors per processor core (in response
to Moore’s scaling law). However, attention has gradually
migrated to system-level design, such as signaling and timing
conventions for efficient data transaction [1]. This is because
the system clock speed is no longer limited by complementary–metal–oxide semiconductor (CMOS) device cutoff
frequencies due to fundamental thermal limitations and the
system performance becomes limited by either on- or off-chip
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interconnects. For instance, one system bottleneck arises from
the available data rate of off-chip printed circuit board (PCB)
channels [2]. As the data rate increases, the response of the
wire to each frequency is different, generally with increased
attenuation and phase lag for higher frequencies. This means
that the voltage swing and delay are different for slow and
fast changing signals, resulting in inter-symbol interference
(ISI). In order to overcome such difficulties, various ideas
have been proposed in the past: predistortion in transmitters
[3], equalization in receivers [4], and multi-level signaling
[5]. These baseband-only (BB) techniques increase available
channel bandwidth by utilizing inverse channel effects and
spectral compression effects of BB signaling. However, with
a given fixed baseband that is not scalable in bandwidth, they
eventually meet the practical upper limit regarding expansion
of the bandwidth density [6].
As a next step, the concept of simultaneous baseband and
multi RF-bands for next generation interconnect was introduced to solve the fundamental limit of BB-only signaling
[7]–[11]. Recently, a dual-band (BB+RF) interface (DBI) has
been implemented in mobile memory interfaces [12]–[14]
to enable point-to-point simultaneous bidirectional (SBD)
communications. The trend of memory interface turns to a
point-to-point channel instead of multi-drop bus communication due to the poor signal integrity caused by discontinuities
on channel [15]. In addition, to maximize bandwidth efficiency,
the SBD communication which realizes concurrent read/write
operations [5], [15] becomes increasingly popular. This is
because the demand for higher power efficiency and bandwidth
increases as consumer-oriented digital products continue to
enhance graphic computing and media processing capabilities;
accordingly, the aggregate bandwidth is projected to reach
12.8 GB/s in the near future [16]. The proposed RF-I fits into
the aforementioned demands naturally. It also provides the
needed SBD communication through the use of a coupling
network between the BB and RF-band.
Compared to conventional BB-only signaling, the proposed
DBI, as shown in Fig. 1, utilizes both BB and RF-band for
SBD dual-data-stream communication through a shared transmission line (T-Line). The typical BB-only signaling-based
SBD memory interface usually subtracts transmitting and receiving signals at transmitters and receivers by replica circuits.
Such interconnects encounter challenges from a reduced input
signal noise margin due to the increased number of voltage
references [12]. Instead, the proposed DBI exploits the simple
architecture of noncoherent amplitude shift keying (ASK)
modulation, on-chip transformer for inductive coupling, and
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Fig. 1. DBI-based simultaneous bidirectional memory I/O interface, and dualband power spectral density on transmission line.

spectral separation between the BB and RF-band to accomplish
the SBD communication. As shown with power spectral density
(PSD) in Fig. 1, data (D1) is transmitted from the controller to
memory by using the RF-band; data (D2) is transmitted from
the memory to controller by using the BB. Through a shared
T-Lin, RF-band, and BB transmit/receive data concurrently but
in opposite directions.
In this paper, we first address the benefit for adapting noncoherent ASK-based dual-band interconnect by comparing different types of digital modulation. Second, we explain how we
establish a system-level design for the RF-band transceiver, and
study the transient behavior of RF-band data streaming with a
given physical T-Line.
Finally, an inductive coupling scheme for SBD communication is introduced based on differential and common mode signaling, and the filter effects of on-chip transformers.

Fig. 2. Theory-based BER comparison of BPSK, ASK/FSK, and noncoherent
ASK modulation.

remains is a noncoherent ASK communication system, which is
the most compact solution because the demodulation is simply
performed through self-mixing and subsequently detecting the
envelope of the modulated signal.
The objective of proposed RF-I system is to enhance the total
aggregate bandwidth without adding too much power or complexity to the existing system. It is generally believed that the
noncoherent ASK system is inferior to the other modulation
schemes. This is however unnecessarily true for all of the different types of transceiver designs. From the digital communication theory, the BER of each modulation scheme can be expressed as
(1)

II. SNR AND BER ANALYSIS OF RF-BAND TRANSCEIVER
A. Theoretical BER Study
In this section, we will first review the signal-to-noise ratio requirement for the desired low BER memory interface; we will
then discuss the rationale for choosing the noncoherent ASK
modulation in the intended RF-I system. For the purpose of
easy comparison, we limit the range of discussion to one bit
per symbol modulation. The most well-known digital modulation schemes are ASK, binary phase shift keying (BPSK), and
frequency shift keying (FSK). On the receiving side, either the
coherent or noncoherent communication may be implemented.
Considering symbol-to-symbol distance in signal vector space,
BPSK features the largest margin for error probability. In other
words, the ratio of signal power to noise power is larger than
the other two modulations. Therefore, BPSK can achieve the
best bit error rate (BER) with the same signal-to-noise ratio
(SNR). Nevertheless, a coherent BPSK communication system
must provide carrier signals for demodulation in a receiver;
this leads to the implementation of a high-frequency synthesizer with a large power consumption as well as large die area
[17]. A coherent ASK system faces the same issue with even
worse SNR conditions than BPSK [18]. In the case of FSK, it
leads to either complicated synthesizer systems [19] or a large
number of passive devices for multiple carrier generation. What

(2)
(3)
is the average bit energy and
is the noise power
where
spectral density under additive white Gaussian noise [20]. Since
each bit represents the symbol itself, the ratio of bit energy to
the noise power is directly translated to the SNR. Equations (1)
and (2) indicate that ASK and FSK modulations require twice
as much signal power as BPSK to achieve the same BER. Fig. 2
shows that the noncoherent ASK modulation needs around
1 dB higher SNR for the same BER. For the BER of less than
, BPSK, ASK/FSK, and the noncoherent ASK system
must supply the SNR of 14, 17, and 18 dB, respectively.
B. SNR Estimation of Proposed RF-I Transceiver
The above study reveals that the noncoherent ASK RF-I receiver requires at least more than 18 dB of SNR to achieve the
specified BER. Now, the SNR of proposed system can be estimated and compared to the minimum SNR calculated from
the theoretical model. The first step is to approximate the signal
power at each node [as shown in Fig. 3(a)]. We assume that the
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Fig. 3. (a) Signal power estimation at RFTX and RFRX, and (b) simulated
insertion loss (S21) through controller side transformer, off-chip channel, and
memory side transformer.

Fig. 5. (a) Block diagram of noncoherent ASK transceiver, and (b) demodulation described by power spectral density.

Fig. 4. (a) Impedance matching using a transformer network at the input of
RFRX, and (b) its return loss (S11).

signal power of RFTX at the primary coil of an on-chip transformer is 0 dBm, and this signal is inductively coupled to the
off-chip channel through an on-chip transformer. A nonideal
transformer will experience loss when the signal is delivered
from one point another point, and this applies to both transformers in the transmitter and the receiver regardless of turn
ratio.
As shown with simulated insertion loss (S21) in Fig. 3(b),
the power loss at a desired carrier frequency (20 GHz) through
the transmitter side transformer, off-chip channel (5 cm), and
receiver side transformer is around 3, 10, and 3 dB, respectively. Therefore, the demodulator senses the signal power of
16 dBm. Since the receiver directly demodulates at the secondary coil of the transformer, the noise figure (NF) becomes
approximately the power loss through the on-chip transformer
on top of the noise contribution from the demodulator. The noise
figure is defined as the SNR at the input of a transformer divided
by the SNR at the input of a differential mutual mixer. This is because there is no further amplification or intermediate frequency
down-conversion through the receiving chain. The noise contribution from the demodulator is assumed to be 10 dB, so the
receiver noise figure becomes 13 dB. Again, our target is to find
the minimum required signal power at the input of the receiver.
Since the input SNR is defined as signal power
divided by noise power
, the input signal power is
expressed as

receiver input port is K (Boltzmann constant) times (temperature), which is 174 dBm [21].
Finally, from the matching point of view in Fig. 4, the receiver
absorbs most of the incoming energy in the span of 5 10 GHz,
which corresponds to the available bandwidth for the receiver.
Putting all the pieces together thus far, the minimum signal
power at the input of the receiver is calculated as

(5)
(6)
Since the signal power is already estimated as 16 dBm at the
receiver input, the system has at least 30 dB of noise margin for
the specified BER. This study explains that the proposed RF-I
is not limited by thermal noise, but possibly by other factors
such as switching noise (inter-channel interference) from BB
and supply noise.
III. NONCOHERENT ASK SYSTEM DESIGN
A. Noncoherent ASK Transceiver System Design
Based on the analysis so far, a noncoherent ASK system is designed with the block diagram shown in Fig. 5(a). One advantage of ASK communication is that an incoming random data
signal does not require a bit-to-symbol conversion. Therefore,
on the transmitter side, a random data stream and a carrier signal
are directly multiplied and up-converted to RF-band
(7)

(4)
where BW indicates RF-channel bandwidth. As shown in
Fig. 4(b), the input impedance of RFRX is matched to the
source impedance by using the transformer network [12]–[14],
so the available thermal noise power
at the

The incoming BB signal is a random sequence, so
pressed as

is ex(8)
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where
is a random value of 1 or 0 with equal probabilities,
and
is a box car function (single pulse) with a bit period of
. The modulated signal
travels through a
channel and arrives at the receiver with attenuation factor
and a phase shift. The constant phase shift only appears in a
carrier frequency, and we show that the high-frequency carrier
signal is filtered out. The PSD of the arrived signal is derived as

(9)
Instead of using another local oscillator signal for demodulation
in the receiver, the arrived signal is multiplied by itself (i.e., mutual mixing), resulting in a baseband data signal and modulated
signal with carrier frequency that is twice that of the original
carrier signal
(10)
(11)
Therefore, the second harmonic signal is superimposed on the
baseband signal shown as a ripple in Fig. 5(a), and it will be
filtered out by a low-pass filter in the following stages. The
low-pass filter can be implemented using a differential pair with
resistor loaded amplifier, because the amplifier has a limited
gain bandwidth. Therefore, the unity gain bandwidth can be designed by the ratio of the device trans-conductance and loading
capacitance. The part that remains is
. In an old analog amplitude modulation system (AM), the squared signal
has
to be further processed with a square-root operation; but for digital ASK modulation, the squared signal recovers, and reverts
back to its original signal without the square-root process. Assuming logic level 0 corresponds to 0 (V) and 1 (V) represents
level 1, multiplying
itself will not change the logic level
as long as the amplitude is higher than a threshold voltage. The
data stream is a random signal, so the demodulated signal can
be evaluated with its power spectral density. From (11),
is
the only random signal, and the following PSD is derived
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B. Transient Response Through T-Line
For transmission line systems, wires with a well-defined
return path provide a guiding structure for wave propagation.
Besides frequency domain analysis studied so far, it is worthwhile to evaluate the time-domain transient response of the
ASK modulated signal through an off-chip channel. Provided
the T-Line is lossless, an incoming signal will only experience
a phase shift. However, as operating frequency and wire length
increase, dielectric loss and conductive loss would typically
dominate signal attenuation. The corresponding propagation
constants
are given as in [22]
(13)
(14)
, , , , and are denoted by the loss tangent of
where
dielectric material, characteristic impedance, series resistance
of wire, series inductance of wire and capacitance between wire
and return path, respectively. The real part represents signal
attenuation, while the imaginary part indicates the amount of
phase shift.
Interestingly, the dielectric loss can be modeled as a one-pole
low-pass filter, since it rolls off 20 dB per decade. In reality,
as the length of the channel increases, the conductive part contributes more loss, including skin effect [22], thereby redering
the channel response a multi-pole system. However, the proposed system specifically targets a short channel within 5 cm
for board-level communication such that we can approximate
the channel as a one-pole system
(15)
where
, is a 3 dB cutoff frequency. From Fig. 5(a), if a single
pulse with the period of “ ” is mixed with a carrier signal, the
input signal of the channel will be described as
(16)
In order to utilize the property of convolution, (16) is converted
in the Laplace domain
(17)
Therefore, the output of the channel becomes a multiplication
of channel response and modulated input signal
(18)

(12)
Comparing this PSD to the original PSD as in (9), the exact same
spectral is shifted to BB with a constant scale factor of , and
it also creates another signal energy at
with constant factor
of
. Again, this portion of power will be filtered out, and
the main signal is preserved after demodulation with a constant
amplitude scale.

Converting (18) back to a time domain, we can derive the following behavior:

(19)
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Fig. 6. Analysis-based transient channel response exhibits good agreement
with the simulation-based result.

where accounts for the phase shift given in (13).
The exponential behavior in (19) is not surprising because the
initial condition-associated natural response will appear when
a stimulus is applied, and it will eventually die out. Since an
input pulse is decomposed into two modulated step functions,
the output will resemble these two forcing functions. In a decomposed view by linear super-position, each source consists
of a step function and carrier signal; thus, each will respond to
the channel in the manner of a sinusoidal steady state. In addition, as expected, a higher frequency signal undergoes more
attenuation. Setting 5 GHz of cutoff frequency, 20 GHz of carrier frequency, and 5 Gb/s of data rate, the analysis-based result
is in agreement with the schematic-based simulation described
in Fig. 6.
IV. INDUCTIVE COUPLING FOR SIMULTANEOUS
BIDIRECTIONAL COMMUNICATION
A. Inductive Coupling on the Memory Controller Side
A transformer is commonly used as an isolation, impedance
matching, and power transfer device. The proposed RF-I transceiver takes advantage of these properties to realize concurrent communication between BB and RF-band data transmission. First, an inductive coupling scheme on the memory controller side is illustrated with the block diagram shown in Fig. 7.
The memory controller side consists of RFTX and BBRX. The
RFTX sends out an ASK modulated differential signal (D1) to
the primary coil (light grey) of the transformer, and the signal
is inductively coupled to the T-Line via a secondary coil (dark
grey), while the center tap provides a supply voltage to the ASK
modulator. On the BBRX, a BB signal coming from the memory
side is directly extracted at the center tap of the secondary coil
with a common mode signaling. The following question may
arise: Can an ASK modulated signal be coupled to the BBRX
such that D2 is no longer distinguishable? The answer can be
found in differential and common mode signaling. As mentioned above, the RF-band communication utilizes a differential
signaling, whereas BB communication follows a conventional
common mode signaling [5], [15].
The differential on-chip transformer can isolate between
common mode and differential mode signals, because the

Fig. 7. Transceiver diagram for concurrent data transmission (D1) and reception (D2) in memory controller side.

Fig. 8. (a) Equivalent coupling network on the memory controller side, and (b)
frequency response from P1,2 to P5.

differential signal is seen as virtually ground at the center of
each coil. This is more clearly visualized with an equivalent
coupling network shown in Fig. 8(a). The ASK modulated
differential signal is injected into P1 and P2 with the center tap
connected to a supply voltage, and it is inductively coupled to
P3 and P4 by way of mutual inductance . Observing P5, this
node senses the same magnitude, but with an opposite polarity
voltage, so that it has the effect of virtual ground in the view of
RFTX differential signaling. Since there is no disturbance from
RFTX, the BBRX can accept an incoming baseband signal
from the T-Line. In order to quantify the actual signal flow
from RFTX to BBRX, the frequency response from P1,2 to P5
is depicted in Fig. 8(b). As shown, the isolation from RF-band
to BB is more than 55 dB within the operating frequency.
Therefore, we can achieve SBD communication on the memory
controller side.
B. Inductive Coupling on the Memory Side
A similar analysis applies to the memory side. As shown
in Fig. 9, the RF-band signal travels through the T-Line, and
it is fed into the primary coil (dark grey) of an on-chip differential transformer. The signal is now inductively coupled
to the secondary coil (light grey) and injected into a differential mutual-mixer detecting envelope of incoming RF signals.
Notice that there is no amplification in-between the coupling
network and demodulator (as stated earlier). The differential
mutual-mixer demodulates by squaring its own signal, and its
output signal is amplified and filtered through following buffer
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Fig. 11. (a) Simplified network for incoming RF signal, and (b) comparison of
simulated and analyzed voltage gain frequency response.

Fig. 9. Transceiver diagram for concurrent data transmission (D2) and reception (D1) on the memory side.

Fig. 12. Equivalent coupling network on the memory controller side.

Fig. 10. (a) Schematic of differential mutual-mixer, and (b) its input impedance
estimation.

chains [12]–[14]. The center tap of the secondary coil is connected to
to provide a bias voltage for the differential
mutual-mixer.
On the BBTX side, a single-ended output signal flows into
the center tap of the primary coil and launches on the off-chip
T-Lines.
Therefore, all three ports of the primary coils are occupied
by incoming signals of RF (D1) and BB (D2) as shown in
Fig. 10(a). In other words, both of the RF and BB signals will
appear on the secondary coil. Consequently, contrary to the
inductive coupling of the controller side, the BB signal causes
inter-channel interference (ICI). The amount of ICI must be
minimized to enable SBD communication on the memory side.
The following analysis discusses the coupling mechanism at
the input of the differential mutual-mixer. First, the loading of

the secondary coil is estimated as a series connection of resistor
and capacitor [12], as shown in Fig. 10. Strictly speaking,
the driving point impedance cannot be defined for nonlinear
systems, but we assume the differential mutual-mixer behaves
linearly around the bias point of
for the purpose of
network analysis. As shown in Fig. 10(b), the input impedance
consists of real and imaginary parts, and the real part remains relatively constant, while the magnitude of the imaginary
part decreases as the frequency increases. The constant real part
resembles a resistor, and the decreasing imaginary part acts as
a capacitor. Thus, within the range of frequency interest, the
resistance is around 14 , and the capacitance is estimated to
265 fF using the value of 60 at 20 GHz. With the loading
condition prepared, an equivalent network for the incoming RF
signal is established [as shown in Fig. 11(a)].
In the view of RF signals, the center tap of the primary coil
becomes virtual ground for the same reason that it does on the
controller side, and the center tap of secondary coil also becomes ac-short because of constant voltage
. Therefore,
the differential circuits can be analyzed by a half circuit. Although a transformer model is much more complicated than the
model in Fig. 11(a), considering all the substrate loss, capacitive
coupling, and series resistance of metal line, we only focus on
the main core inductance in order to achieve the rough estimation of transfer characteristics. On the primary coil side,
and
model the incoming source and its resistance; on the secondary coil side, the series connection of resistor and capacitor
of loading is expressed as
. Between the primary and secondary coils, there will be magnetic flux coupling, and this is
denoted as
in its expression
(20)
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Fig. 13. (a) Frequency response of simulated and analyzed gain from BBTX to RFRX, (b) simulated transient waveform at the input and output of differential
mutual-mixer, and (c) magnified ICI transient waveforms.

TABLE I
COMPONENT VALUES IN COUPLING NETWORK

where is the coupling coefficient. To find signal transfer characteristics from the primary coil to secondary coil, the following
relationships can be derived
(21)
(22)

Fig. 14. (a) DBI transceiver die photo, (b) 5 cm off-chip test board, and (c) BB
and RF-band eye test results.

(23)
It is obvious that there is no coupled energy at dc since there
is no induced magnetic flux, and as the operating frequency increases, the coupling network transfers more energy to the other
side. The RF signal confines most of the energy at its carrier frequency, which is around 20 GHz, so the network must provide
the highest energy transfer at this frequency. From (23), two
zeros are located at origin and
, and there exists three
poles in total. As expected, the network picks up more signal as
the operating frequency increases, and it will lose transfer capability as the frequency further increases. Instead of solving
a full cubic algebraic solution, voltage transfer characteristics
are directly illustrated in Fig. 11(b) using component values in
Table I.
In this table,
simply represents channel impedance, and
, , and k are extracted using 3-D full-wave electromagnetic
simulations.
The results in Fig. 11(b) indicate that the coupling network
indeed passes through the highest energy around the carrier frequency, and it decreases the amount of energy for higher frequency of operation. It is also compared to schematic-based
simulation results, and the dotted line shows that there is a good
agreement with the analytic result.

Turning our attention to the coupling between BBTX and
RFRX, coupled BB signals at the input of the differential mutual-mixer are detrimental for RF (D1) communication. The BB
signal may leak through either high-pass or band-pass filtering
with its residue remaining as a common mode signal at the differential mutual-mixer (as shown in Fig. 12). Just like the RFTX
signal at the primary coil, an equivalent circuit can be simplified to its half circuit. Since the BB signal is fed into the center
tap of primary coil, its signal power will be equally distributed
to each leg of coil. Again, the center tap of secondary coil is
terminated with
such that this is treated as ac-short
for the analysis. Interestingly, the simplified network looks exactly the same as in Fig. 11(a), except R1 becomes 100 considering its own source resistance and channel impedance in
the primary coil side. Therefore, (21)–(23) are still valid for
the BBTX signal at the input of the differential mutual-mixer.
Similar to the previous case, instead of delving into equation
solving or parametric study, we observe the behavior of how
the energy is transferred from center tap of the primary coil to
the secondary coil. As shown in Fig. 13(a), the hand-analysis
achieves a close approximation to the schematic-based simulation. In the same figure, a solid grey line is added to represent
the spectral separation between BB and RF communication. Just
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TABLE II
PERFORMANCE COMPARISON

as shown, as the data rate of BB increases, its impact on the
RFRX becomes higher, and it eventually limits the total aggregate bandwidth on the memory side. This is more clearly visualized with the simulated time domain transient waveforms in
Fig. 13(b) and (c). The BBTX output buffer feeds square-wave
random data, and filtered signals appear at the input of the differential mutual-mixer. It seems as if the amplitude is so small
that the effect of ICI is negligible, but in a zoomed-in view, the
peak-to-peak amplitude of residue reaches almost 20 mV. The
mixer responds to this perturbation, and it creates a glitch at the
output, as shown in Fig. 13(c). There are a few ways to reduce
the ICI. First, assuming the BBRX is capable of sensing lowswing incoming signals after channel attenuation, the BBTX
output signal can be intentionally lowered to reduce the amount
of coupled signals at the secondary coil. Second, a simple pulse
shaping can be applied to BBTX to minimize glitches. Third,
even if RFTX outputs enough power, the sensitivity of RFRX
can be reduced intentionally. Therefore, using the simple coupling network studied above, we can achieve simultaneous bidirectional communication on the memory side.
V. DUAL-BAND EXPERIMENTS
A dual-band RF-I transceiver is implemented using 65 nm
general-purpose CMOS process, as shown in Fig. 14(a). The
active die area is 0.12 mm . A printed circuit board (PCB) is
also designed to demonstrate the SBD communication through
a 5 cm single-ended off-chip trace, as shown in Fig. 14(b). The
fabricated chips are assembled using a flip-chip bonding technology to reduce the inductance of chip-to-board wire-bonds.
Fig. 14(c) exhibits a concurrent data communication through a
shared off-chip T-Line; 5 Gb/s of BB and 3 Gb/s of RF-band.
When each of BB or RF-band is transmitted alone, it operates
up to 6 Gb/s and 4 Gb/s, respectively. However, the ICI limits
the performance of RF-band operation if the data rate of BB exceeds 5 Gb/s.
In summary, we have analyzed, designed and characterized
the DBI transceivers for mobile DRAM I/O interface. As
shown in Table II, we obtained an aggregate data throughput of

4.2 Gb/s/pin with power consumption of 23 mW (BB:12 mW,
RF-band: 11 mW) on differential T-Lines; and we also achieved
8 Gb/s/pin with power consumption of 32 mW (BB:14.4 mW,
RF-band:17.6 mW) on a single T-Line. The BER is measured
as
with
and
with
pseudo random bit pattern for differential T-Lines and single
T-Line, respectively. The power consumption is measured
higher for the single T-Line RF-I link, because higher power
supply was used to support the high-frequency operation of a
ring oscillator [14]. However, the energy-per-bit-per-pin is still
measured lower because of the single-ended solution.
VI. CONCLUSION
A noncoherent ASK modulation-based RF-I system is presented for memory interface design. The proposed system is
not limited by thermal noise, which leads to a compact and energy-efficient transceiver architecture design. Our analysis on
the DBI communication network and channel proves that the
RF-I can help to enhance an aggregate data rate without substantial overhead to the entire system. In order to realize simultaneous bidirectional communication, both on the controller and
memory sides, an inductive coupling using on-chip transformers
is introduced. On the controller side, the nature of signaling
and differential transformer geometry isolates BB and RF-band
communications nearly perfectly; whereas on the memory side,
the BB signal couples through the transformer network and creates inter-channel interference. However, the amount of coupled
signal can be minimized with the transformer’s filter effect.
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