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1 Transimpedance amplifier chiplet

The simplified schematic of the transimpedance amplifier (TIA) chiplet is shown in
Fig. 1. The TTIA input stage (TIS) utilizes a typical shunt feedback structure to convert
the AC current signal of the PD into a voltage signal. Two electrostatic discharge
(ESD) diodes, with a total of 51 fF parasitic capacitance, are placed at the input
of the TIS to protect the internal circuits. ()1 serves to alleviate the Miller effect of
the parasitic base-collector capacitor of Qy. A shunt inductor L;, with 25x25 pum?
area, is used to increase the phase margin of the TIA loop. The feedback resistor Rp,
implemented as NMOS transistors and a polysilicon resistor, can be adapted by digital
bits to compensate for the process variation. M; in the input DC current cancellation
(IDCC) is used to absorb the DC current of the PD and the DC current of Rp. C; is
used to compensate for the IDCC loop and alleviate the baseline wander. R1 = 4k(),
placed close to the base of ()2, is used to prevent the parasitic capacitance of the
IDCC from affecting the high-speed path. As Rp.s = 6 X Rco, the Qg collector current
Ic,g, = 6 X Iy = 5.4mA, which impacts the overall bandwidth and input-referred
noise current of the TIA. I,.s is designed to be tunable and controlled by digital
registers. Rr.r and Rco are placed close to each other in the layout for matching.

TIS VGA OB

PD R=400
| Qo (typical)

Fig. 1 Simplified schematic of the TIA chiplet.

The DC voltage at the input of the TIS is equal to one base-emitter forward bias
voltage Ve g, = 0.75V . The PD cathode bias voltage can be chosen to be the same
as the main supply voltage of 2.5 V, so that the PD is reversely biased with a ~1.75
V voltage difference.

The TIS is followed by the variable gain amplifier (VGA) stage, which also serves
as a single-to-differential converter. One input of the VGA is connected to the output
of the TIS, the other input is connected to a reference voltage generated by the DCOC.
The gain of the VGA can be fine-tuned by changing V;; and Vjo through digital bits.
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Two 50 Q resistors are used for impedance matching in the output buffer (OB)
stage. The OB stage has a tunable CTLE, realized by a tunable capacitor Cgg and a
tunable resistor Rg3. The Rp3 is realized using NMOS transistors in the triode region,
whose resistance is programmable by tuning their gate voltages. The Cgy is realized
using PMOS varicaps, which can be fine-tuned by digital registers. The differential
outputs of the OB are also protected by ESD diodes.
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2 Comparison with current state-of-the-art optical
receivers using different integrations

Table 1 shows the comparison with the state-of-the-art IMDD optical receivers using
different integration methods. This uTP based optical receiver achieves the lowest

power consumption of 0.51 pJ/b and the smallest EIC area of 0.06 mm?.

Table 1 Comparison with current state-of-the-art PAM-4 optical receivers using different

integrations.
Data Sens. EIC

ref. Integration tccggogy (é’it/es) ( d%qu) ( A?W) (%Iéfn% pJ/b ( :;;Ze;) DSP

1] Wire(';gr)‘di“g oo | 160 65 0.8 7 099 | 082" | 5-tap FFE
2] Wire(';]gr)‘di“g Bt | 224 | 573 | 080 | a8 | 22 | 138" | 10-tap FFE
3] F“(%']S})‘ip N/A 160 N/A | 0.85 2.7 1.2 N/A | 5l-tap FFE
[4] F“(g];l)‘ip poom 10625 | 77 | N/A | -13.97 | 098 | 0.4 121'_?2“; e
[5] Direcgg’)“ding o | 264 60 09 | N/A | 145 | 06 6-tap FFE
[6] Monolithic G, 112 68 | 0.245 | N/A 1 N/A N/A

VTV(})‘;E "{?g; BliéOM“i)“S 224 53.6 0.9 5.2 0.51 0.06 6-tap FFE
Y data path core of one channel.
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