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Think Bigger. Reach Further,

_About PAM-4

What is PAM-47?

« PAM-4 is a modulation technique whereby 4 distinct pulse amplitudes are used to convey the
information. Amplitude levels 1, 2, 3, and 4 are represented by two bits 00, 01, 11, and 10,
respectively (see the figure below).

PAM4

1 1 1 1
1 0
0 1 0 1

0 0 0 0
Why does industry need PAM-4?

 NRZ > 28Gbps means shorter channels or costlier PCB materials.

« With the same “symbol” rate, PAM-4 will double the “baud” rate.
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Simulation Topology

BGA Break- . Through
out Via Neck down Strip-line hole Via

Strip-line | Blind Via | Micro Strip-Line Connector Test Fixture

Case 1l Top to L7 220mil 5836mil L7 to L24 468mil II3-§tAtfotr?1 \ QSFP-DD HCB
Case 2 Top to L5 200mil 5480mil L5to L3 414mil L3 to TOP \ QSFP-DD HCB
Case 3 Top to L11 440mil 7170mil L11to L3 390mil L3 to TOP \ QSFP-DD HCB

HCE
Via W1 W2 Via? W3  Via3 Pad Connector
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Channel Loss Simulation Results-Case 1
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: 3 Think Bigger. Reach Further,
Channel Loss Simulation Results-Case 2
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Channel Loss Simulation Results-Case 3
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Eye Diagram Simulation Result-Case 1

Think Bigger. Reach Further,

1683 m

1883 2883 1553 48 B3 55 45
time, psec

measurement summary Messue
WidthatBERD 1. 2099E-11

WidthAtBER 1. 318E-11
WidthAtBER2 1.374E-11
HeightAtBERD 0.064
HeightAtBER1 0.064
HeightAtBERZ 0.059

EWile-6)low EW(1e-6) mid EW(1e-6) upp

2192 mUl 2269 mUl

Test Result

2257 mul

Simulation Result

P4-- Baud P:- - -

265631 Ghit/s U934 ml

12.99ps/64mV

8.24ps/44mV

Ti(le6)low  TR(1eB)low  TL(le-6)mid TR(1e-6) mid  TL{1e-6) upp TR(16-6) upo
568.5 mUI 3335 mUl 560.5 mUI 354.2 mUI 5799 mUl

13.2ps/64mV

8.55ps/35mV

2p8

5.0us| Trigger (60 L
5.00 psidiv) Stop 250.5 m\/

13.7ps/59mV

8.54ps/49mV
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Think Bigger. Reach Further,

Eye Diagram Simulation Result-Case 2

I I
28.83 1553 4583 5548
fime, psec

measurement Summary
WidthAtBERD 1.336E-11
WidthatBER 1.355E-11
WidthatBER2 1.336E-11
HeightAtBERD 0.071
HeightAtBER1 0074
HeightAtBER2 0.066

Measur EW(1e-6) low EW(1e-b)md EW[1e-6) uop P4--- __Baud PG---  TLOe-b)low TRMe-6lkw TL{1e-6imd TRM1e-bimd TLi1e-6lupd TRI1e-6) upp
value 222 1mu 257 1mu 2358mU 26 5630 Gbi's 385.1 muUl 567.2mUl 21mul 569.2mul 332.9muUl 569 .8 mut
v

v v v v

staius RO ]

82 mVidiv
3.76 peldiv}
0#f

Upper-Eye Mid-Eye Lower-Eye

Simulation Result 13.4ps/71lmV  13.6ps/74mV  13.4ps/66mV

Test Result 8.36ps/54mV  9.68ps/51mV  8.88ps/48mV



Think Bigger. Reach Further,

Eye Diagram Simulation Result-Case 3

Density

1883 28.83 32.83 . . 5 :
tllTE. pSE.‘E "4\» 153ps 11.29ps - ':‘]r:r: . 18.82 08 T .‘l:;*::c 30 b.-r: :;::;r;
e AT e AN SO SSMU STOmU S00mI  semi STaami 5% 1M
measurament SU[TI[TIE['&I' sfatus v v Y v v v v .‘,Ibasn - v v
WidthAtBERD 1.205E-1 i
WidthAtBER1 1.261E-1 —-_—
WidthAtBERZ 1.299E-11
HeightAtBERD 0.059 Upper-Eye Mid-Eye Lower-Eye
HeightAtBER1 0.066
HeightAtBERZ 0.060
Simulation Result 12ps/59mV 12.6ps/66mV 12.9933/60m

8.28ps/41mV 8.4ps/43mV  7.79ps/37TmV

11 Test Result
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Conclusion

 Although the eye diagrams’ trend between simulation and test is similar, the eye height
and width @BER 1e-6 still have a large difference.

* Simulation results are much better.

« We will continue to optimize both the simulation and test accuracy.
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