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Abstract
In this work, for the first time we propose a multi-level intermediate frequency pulse width
modulation (ML-IFPWM) power coding approach to generate a high speed pulse train as
input of GHz class-S switch-mode PA in the digital-RF transmitter. The key feature of a
high power coding efficiency of 68.5% from a 5-level digitally implemented discrete-time (DT)-
PWM quantizer encoding 20-MHz LTE signal (PAR of 10.25-dB) is verified by simulation.
Unlike the traditional RFPWM, this new power coding process taking place at IF frequency of
100 MHz, offers a higher over-sampling ratio thus resulting in an improved output spectrum
purity. In addition, a look-up-table based linearization unit is introduced in the digital-
RF transmitter architecture to specifically correct the distortion caused by the nonlinear
transformation of power encoder. To the author’s knowledge, this is the most efficient power
coding approach in a digital implementation reported so far encoding 20-MHz LTE at 2 GHz
with low EVM of 4.1%.
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kdcie[sdqâ|[ihhasaîstg[kmnbi[caq_̀[jdqmnl_de[uyzv{g[
jasedclpi[kdcie[ljknahaiebg[bca_s̀ojdqi[y���

L�"L�<.�4K0<L��R

� ¡¢£¤¥ ¦§̈©ª¤«¬® ¥¦̄®̈¥°¦¢̄ ±©²©¥°§¦³́µ¶�§·̧¦¥¹º¹¦
¤±¢§§¬́¦̧«¢¡¥¦»¥¤®¥¦®£¥¦®²¦ª«¥¦¼¥½¦̄®̈¥°¦¢̄ ±©²©¥°¦
¢°¤«©ª¥¤ª¾°¥§¦¾£ ¥°¦©£ª¥£§©¡¥¦°¥§¥¢°¤«¦©£¦°¥¤¥£ª¦½¥¢°§¦¿ÀÁ¹¦
Â«¥¦»¥£¥²©ª§¦®²¦«©º«¦ª«¥®°¥ª©¤¢±¦̄ ®̈¥°¦¥²²©¤©¥£¤½¦¢£ ¦
®̄¥°¢ª©®£¢±¦²±¥Ã©»©±©ª½¦¢£©²¥§ª¦ª«¥§¥±¡¥§¦¢§¦¡¥°½¦
°̄®©§©£º¦¥£¢»±¥°§¦²®°¦ª«¥¦£¥Ãª¦º¥£¥°¢ª©®£¦ ©º©ª¢±¬ÄÅ¦
ª°¢£§©ªª¥°¦³ÂÆ·¦©£¦§®²ª̈¢°¥¬ ¥²©£¥ ¦°¢ ©®¦³́ÇÄ·¹¦
Å©º¹¦À¦§«®̈§¦ª«¥¦¢°¤«©ª¥¤ª¾°¥¦®²¦¢¦ ©º©ª¢±¬ÄÅ¦ÂÆ¦¾ª©±©È©£º¦
¤±¢§§¬́¦¢§¦ª«¥¦²©£¢±¦§ª¢º¥¦ª®¦¥²²©¤©¥£ª±½¦¢̄ ±©²½¦¢¦«©º«¦§̄¥¥ ¦
¾̄±§¥¬ª°¢©£¦º¥£¥°¢ª¥ ¦¡©¢¦̄®̈¥°¦¥£¤® ¥°̧¦±©¼¥¦ ¥±ª¢¦§©º¢¦
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H̀Z]\\Pa[Q̂dbPHZR̀XXQ�H�IHYd_P\H̀̂ YRJ±JP\H_J[OH²̀�H³�WNXH
±d\H�N�Q́bS̀aZPbµ¶HJaH·̧¹º»¼½¾¿½¼ÀÁ̧ÂÃÂÄÄ¼ÅÆÇ¼ÈÁº̧¹ÉÅÊÂ¼
ËÂºÌÆ¹Ã¹ÍÎ¼Ï¹ÆÐÂ̧ÂÆºÂ¼ÑÀÒÈÓÏÔÕÖµH�dZd̀H×P̀ZOµHI�µHYYLH
�QeLH

�Ø�HNLH³]aKµHÙLH�dbPµH�LH�LH�̀\XdaµHULHWLH́XÚPZÛµH©ÜPXJKaHd±H³Q
Ú\JbKPHZR̀XXQÜHYd_P\H̀̂ YRJ±JP\XH±d\HbJKJ[̀RHY]RXPĤdb]R̀[JdaH
[\̀aX̂J[[P\X�¶HÓÝÝÝ¼Ȩ̈ÅÆÄÅºÞÁ¹ÆÄ¼¹Æ¼ÈÁº̧¹ÉÅÊÂ¼ËÌÂ¹̧Î¼ÅÆÇ¼
ËÂºÌÆÁßàÂÄµHSdRLMMµHadL�ØµHYYLHØáâMQØáMMµHÜPZP̂ÚP\HØããiLH

�g�HILH³LH�̀ Ú̀µH©�R̀XXQÜHYd_P\H̀ ŶRJ±JP\H_J[OH�IHY]RXPQ_Jb[OH
d̂b]R̀[Jda�¶HJaH·̧¹º»¼½¾¿¾¼ÓÝÝÝ¼ÈËËäå¼ÓÆÞÂ̧ÆÅÞÁ¹ÆÅÃ¼
ÈÁº̧¹ÉÅÊÂ¼åÎæç»µH́àOPĴµH�́ µHYYLHèØâQèØiLH

�â�H�LH³̀XR̀ZOµHÜLHW \̀ÛP\[µH́LHI¦̈̄éê§ë®¦����ì�í��î�ê§ë̄��©ï®ð�
P±±JZJPa[H̀\ZOJ[PZ[]\PXH±d\H�IHY]RXPH_Jb[OĤ ì̈ñ�̄̈¦ê�¶�JaH
·̧¹º»¼½¾¿ò¼ÓÝÝÝ¼ÈËËäå¼ÓÆÞÂ̧ÆÅÞÁ¹ÆÅÃ¼ÈÁº̧¹ÉÅÊÂ¼åÎæç»µH
�P̀[[RPµHV µ́HYYLH�QâLH

�M�HNLHÙdOaXdaµHóLHWPÛPZO]ÛµHÜLHóPRRôµH©�dJXPHXÒYPbHY]RXPH
YdXJ[JdaĤdb]R̀[JdaH±d\H�IHX_J[ZOQ«̈ ì®�¬̈ð®¦��«¬°¥°®¦ê�¶�
JaH·̧¹º»¼½¾¿¿¼Ýà̧¹çÂÅÆ¼ÈÁº̧¹ÉÅÊÂ¼ÓÆÞÂÍ̧ÅÞÂÇ¼ÏÁ̧ºàÁÞÄ¼
Ï¹ÆÐÂ̧ÂÆºÂ¼ÑÝàÈÓÏÖµHW àZOPX[P\µH�óµHYYLHgØãQgØgLH
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