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Background

BFiber-optic communications
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Distributed amplifiers (DAs)

Artificial transmission lines (T-lines)
VDD Rd Ld/2 Ld Ld Ld/2
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B Cut-off frequency

Artificial transmission lines (T-lines)

B Inductors and parasitic capacitors consists of T-lines:
B Realize broadband characteristics

B Most of the conventional DAs are single-ended structure
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Conventional differential DAs
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B Many inductors
&) Increase the chip-areas and manufacturing costs
&) Complicate the wiring
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Coupled inductors
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Un-coupled inductors Coupled inductors
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B Inductive coupling is often used to reduce the areas

B Use cases:
B Low noise amplifiers (. J. zhou et al., J.55C, 1998)
B Laser drivers (T. Kuboki et al., C/ICC, 2010)

B Distributed transversal filters (. sewter et al., /.55¢C, 2006)
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Diff. DAs using coupled inductors
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B Coupled inductors reduce the area and simplify the wiring
B Mutual coupling need to be considered

B Research target : Establish a systematic design method
B Analysis = Modeling = Optimization
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Analysis of the differential DAs

Differential T-lines

Single -ended T-lines Voo Ra  La/2 Ly La/2
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Differential T-lines

B Single-ended DAs are composed of single-ended T-lines

B Differential DAs are also composed of differential T-lines

B Mutual inductance and capacitance need to be modeled
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Model of the coupled inductors

BParameters:
_lw— I L : self-inductance
| Cox= | T Cox M : mutual inductance
\ 1lo———W—1——°3 . .
10 g a3 C, = ”i Lc, Cox : oxide capacitance
v 20 MM——"a——>o4 Cy : mutual capacitance
7 . L 1
S ] Cox Cox .
Layout 1 1 BAIl resistors are neglected
Loss-less model for simplified analysis
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Scalable modeling

. . Specifications of EM analysis
@ Electromagnetic analysis o e— VT

‘ A-port Y + d (um) 90, 110, 130, 150
PO e s (um) 2,5,7,10
w (um) 2,4,6

@ Parameter extraction |
Number of turns 2.5 (Both primary and

secondary turns)
[ = Im(Y3q)
wIm(Y31)? — wlm(Y4q)?

V4
. . . 7
® Polynomial approximation (N
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L(d,s,w) = agd?* + a;s* + a,w? + azds + a,dw Dimensions
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B Good fitting from 10 GHz to 30 GHz
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Analysis of the differential T-lines

, Izcoxfcgs
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Equivalent of the gate-line per section

B Odd-mode impedance :
B Phase velocity :

B Cut-off frequency :
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Optimization procedure

@ Gate line optimization

_ 50| Maximize bandwidth &

max ng N min|Z impedance matching

8odd

@ Drain line optimization

Velocity matching &

min |Vgodd — vdoddl N mmlzdodd — 50 impedance matching

4 Optimize the gate line before the drain line because (g5 > Cys

v’ Gate and drain can be optimized separately because
the cross-coupled capacitors neutralize Cy,
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Optimization method

BGradient descent algorithm:

BFind an optimum point
like a ball rolling down a hill

B To avoid local optimum points:

BChange the variables randomly
every 100 steps
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Gate line optimization

MEvaluation function:

E,(d s,w) ={o(Zy ,, — 50)2 —{1fc,

Impedance matching Maximize bandwidth

X {pand {; are weighting factors

BOptimization results:

Bd =116 uym, s =7 um, and w = 4 um

mz, =50.00
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Drain line optimization

BMEvaluation function: !
2 2 6
Eq(d,s,w) = no(zdodd - 50) T nl(vdodd - vgodd) E5
Impedance matching Velocity matching %’4 5
= . . ———
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BOptimization results: o
e
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WZy,,,= 50.1Q(0.2% error)
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Optimization result
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Input

® 1P5M 180 nm standard CMQOS technology

B Core area of 0.28 mm?
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S-parameter simulation results
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B Bandwidth of 20.2 GHz
B 18% smaller than the theoretical bandwidth of 24.5 GHz

B Nyquist group delay variation of 4.9 ps (In the case of 25 Gbaud)
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Calculated eye diagrams
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25 Gbps NRZ 50 Gbps PAM4 (Assuming the 400GbE)
B Eye diagram calculation procedure
@ Approximate rational transfer function to simulated Sy4,4
@ Calculate the response of the transfer function to PRBS11
Notice : These diagrams do not contain nonlinearity and noise.




Comparison table

Reference This work [10] [13] [14]
(Simulated) ISSCC ‘05 ASSCC ‘05 IWS ‘19
180 nm
180 nm 180 nm 180 nm
Technology BiCMOS
CMOS using only MOSFETs CMO5 CMO5
Number of cascaded stages 1 1 5 6
Core area (mm?) 0.28 0.63 0.45 0.57
Gain (dB) 6.9 7.8 15 17
Bandwidth (GHz) 20.2 25 25.5 28
RMS jitter (ps)
2t 25 Gbps NRZ 0.88 N/A N/A 1.8
Power (mW) 101 54 171 200
B Core area is 37% smaller than the previous works

B Inferior in gain and bandwidth, but superior in jitter
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Conclusion

mDifferential DA is designed:
@ Analyze the artificial T-lines
@ Model the coupled inductors
3 Optimize the inductors using gradient descent algorithm

BResults:

M37% area reduction

EmBandwidth of 20.2 GHz

BNyquist group delay variation of 4.9 ps

mClear eye opening at 50 Gbps PAM4

->These results promote the integration of optical transceivers.
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