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3.2.35 CAS Write Lantency Clock Output --====================c“-c-ccoumo-u-- 338
3.2.35.1 DLL Read Clock Buffer 1 -====--=====--=------cco-cmmmoomnmoo-. 339
3.2.36 CAS Latency Clock Output =================ccccccccmmmmmmmaomaom e 340
3.2.36.1 Buffer 3 ========-cmomcmmece oo 341
3.2.37 Clock And Select for Continuous Counting Controller =-------------------- 342
3.2.37.1 Frequency Divider 9 =-=--====-=c--cmm oo 343
3.2.38 DM Clock Output ============ === === oo oo e 344
4.0 Power Management =-=--=-===========-=--“--- - --o-o---o--o--o--- 346



4.1 Charge PUMPS 3 === == === === === oo o oo e oo 347

4.1.1 OsCillator 1 ============ccccmee e cecccccecccceceee e eae 348
4.1.2D6el@y =-------===-eme e eeeeneeeceeecniceeeeeeea 349
4.1.3 ChargePump 1 == -=- == === - oo e 350
4.1.4 Charge PUmMp === ===== === === oo o e 351
4.2 VREF SeElector =========--ccccmmmc e e 352
4.2.1Voltage Regulator =-==============ccccccmm oo ecomaooon o 353
4.3 Charge PUmp 6 == ===========--c oo oee o 354
4.3.1 OsCillator ==========c-ccmccme oo 355
4.4 Charge PUMPS 2 === === === === oo e oo e e - 356
4.4.1 Oscillator for Charge PUMpPS 2 === === === === === cc-mmmmm oo oo 357
4.4.1.1 Ostillator 7 ==========cccccmmmmac e cccceececececcceeaen e 358
4.4.1.20sCillator 6 ===============cccc e eeeeeoeaoeoooo 359

442 D€elay === m e e e oo 360
4.4.3 Power SWitCh ===========-ccm oo 361
4.4.4 Charge Pump == === ===== == -c oo 362
445 Charge Pump 2 == === === == - oo e e 363
45 Charge PUmMpPS 1 === == ==- - --cmm oo ceeccncieccne e 364
4.5.10sCillator ============ === 365
452 D€elay === m e e e oo 366
4.5.3ChargePump 4 =-==--=--=-ccmmmmm oo 367
4.6 Charge PUmp -===-=====-===c-occcmc e ccemcccmeccneceeeeeoeanes 368
4.6.1 Oscillator for Charge Pump = -=-===========-=ccccommmmm oo 369
4.6.1.1 Non Overlap Circuits -=--============--cc-mcommm e memee oo 370

4.7 Voltage Switch for Bank5 === -========== == -ccm oo 371
4.8 Voltage Detector 2 == -=========== === -cm oo 372
4.8.1Voltage Divider =============cccmcccm oo eee e 373
4.8.2 Comparator -================- - - e-----o-----o------- 374
4.9 Voltage Detector 3 === === === === === 375
49,1 RESIEOr === === === === emeemeeeeeeeeeeeeeeceecceeeonaoeaa- 376
4.9.1.1 Decoder -==============--- e eeoeeoeoeeoeoooo- 377

4.9.2 Amplifier ==========cc o e 378
4.9.3D€elay === mm e e e oo 379
4.10 Voltage Generator == =========== === === === oo 380
4.10.1 Amplifigr ==== === s oo oo 381
4.10.2 RESISIOr == === === === eceeeeeeeeeeceecceeeoeaonaa- 382
4.10.2.1 Decoder =--=-========----- - oo- o 383
4.10.3 Control Input Buffer =============-ccncmm e e 384
4.10.4 Decoder =========--=c-ecee e eeeeeceeeeeeceeecneeeeeeeana 385
4,105 Buffer == ===-=-===c-mccmecme oo e 386
4.10.6 Decoder == ========-=c-ecee e eecneeceeeeneceeeeana 387
4.10.7 Control LOgIiC ==============ceccmomccmcccee e e 388
4.10.8 Amplifier =========-c oo 389



4.10.9 RESISIOr === = === === === eeeoeeoeeoeoooo 390

4.10.9.1 Decoder =-==-========----- - meoeeeoeoeooooooo- o 391
4.10.10 Resistor and Cgp == ==================ccccccccocoomomoonooono- 392
4.,10.10.1 Decoder =-=============c-ecmeceeceeeeemeeeeceeeeeneeeeoeeaaans 303
4,10.11 Follower ===========ccccmmmm e cecceeeeeeee e e 394
4.10.12 FOllOWESr === === == === eccceccceccecccccocanaanae 395
4.10.13 FOllOWEr 3 == === === === === eeeoeeoeoooo 396
4.11 VREFCA CirCUitS === = === === === == s s o e o e e 397
4.11.1 VREFCA Controller =============-c - e ce e e e oo 398
4.11.2 VREFCA Detector ===-==-========-= == oo e oo 399
4.11.3Voltage Divider -=---=-==-==-=-c oo 400
4.11.4 Voltage Divider ----============= s 401
4.12 Bandgap and Voltage Generator ---=-=-=---==========-=-=“-----“-------------- 402
4121 Amplifier 1 ==========-c oo aoe o 403
4.12.2 Reference Generator -===--=============cc-ccc-c-cccoeoeoooooono 404
4.12.3 Amplifigr ==== === = s oo e 405
4.12.4 COMpParator = === === === === === == e eeoeo-oooo- 406
4125Bandgap 2 - -----=--==--=---meeeeeeeeeeeeeeeeeeeeeeeeeeceeeeeeoeaas 407
4.12.6 Voltage Generator == -=========== === =-c oo 408
4.12.6.1 Input Buffer =--=---=----=--=-------ce oo 409
4.12.6.2 Amplifier 2 =======---mm o e e 410
4,12.6.3 RESIStOr === ========-=c e ceeeceneceeeeeeeeneceeeeaea 411
4.12.6.3.1 Decoder - ==--===-===-=cc-mmeeeeeeeeeeeeecceceeeeeeeaaa 412
4.12.6.4 RESISIOr == === === === =cccc e eeeeeeeeeeneceecceeononaas 413
4.12.6.4.1 Input Buffer ==-=--=--=-=--=-----“-----meieo oo 414
4.12.6.5 Voltage Detector == ==============ccccccmocccmceeaoe oo 415
4.12.6.5.1 Decoder =--=-===== == =m - ooe 416
4.12.6.5.2 Voltage Divider ===-======-=-=-cccccomcmmmm e 417
4.12.6.5.3 Voltage Divider =--=-==-=====-=--c oo 418
4.12.6.5.4 Comparator =-==--=========== === 419
4.12.6.5.5 Comparator =--=--===============“-““-““-“------------------ 420
4.12.6.6 Amplifier 3 ========---mccmm oo e o 421
4.13 Power Control LogiC ==================ccccccmommmmmeoeeao oo 422
4,131 Buffers = -=======--c-ccmeomc oo ee 423
4.13.2 Decoder == ========--c--cee e eeeeeeceeecneceeeeanas 424
4.13.3 Logic Buffer ==========c--ccommmcm e eeee 425
4.13.3.1 BUffers ===========-ccmmmm e 426
4.13.4 Control LOgiC =================="-“-““-“--c-----oo---o--o--o-- 427
4.134.1TestDelay ----==--====-===mm oo 428
4,135 Buffers = -=======--c-mmme e e 429
4.13.6 Control Buffer ===============-c - e 430
4.13.7 Decoder === == === mm i m e oo 431
4.13.8 DeCoder == == === === == m e mm oo 432



4,14 Bypass - === == === mmmmm oo 433

4.14.1 Electro Static Discharge 2 -==-=---==============cccc-mmmmme oo 434
4.14.2 Electro Static Discharge 6 =--==-===========-cccccccmmmomaaaaamn o 435
4.14.3 Electro Static Discharge 5 == -=-=============--cccccmmmmmme oo 436
4.14.4 Electro Static Discharge 3 == ==--=============-=-c oo 437
4.14.5 Electro Static Discharge 4 -------=============-coommmmme oo 438
4.14.6 Electro Static Discharge 7 -==-=--==============ccccccmmmmee oo 439
4.15 Voltage Generator == =========== === == oo 440
4.15.1 Decoder ==--=-=====-=c-s-meeemee e eeeeeeeeeeeeeeeeeeas 441
4.15.2 RegUIGLOr = === === === === === oo oo 442
4.16 Regulator ==============c-ccccmm e eecccceeeeneceeeeeeeeeeeeaa 443
4.16.1 Control Input Buffer =--==-=========cc-cm oo 444
4,17 VDDI2 Generator ================== = - eooeoeeo-ooooooon 445
4.17.1 Clock GENErator == -========== === ==& mmomooooo 446
4.17.2 RegUIGOr === = === === === 447
4.17.2.1 Bias Regulator == -======== === -c oo 448
4.17.2.2 Amplifigr == ======m e 449
4.17.3 Regulator -======= === === --cecmm e eecceeeceeeeeeeeeeeeeenaa 450
4.17.3.1 Bias Generator =-=--======= === === -c oo 451
4.17.3.2 Amplifier ========--cc oo 452
4.17.4 RegUIGLOr === = === = === === 453
4.18 Power OK CirCuits ================ == 2o - 454
4.18.1 VCP2 OK CirCUitS2 ============== === mm oo oo eme oo o 455
4.18.2VCP2 OK CirCuUitS 1 -============= === s e oo e e o e 456
4.18.3 VREFDQ OK Circuits =================c = mmmme e me oo 457
4.18.4VDDI2OK =======-=ccmomce e eeeeeeeeeeeceeeeeneeaas 458
4.18.5VDD OK ==---=--ccmmcmccmc e e eecnececeeeeeeee e 459
4.18.6 Power OK Buffers1 -=-========-==cmcmom e oo 460
4.18.7 Power OK BUffers2 ===-=========m-m oo e e - 461
4.19 VDDI2 Reference Voltage Generator -------==============-==----“---""o---. 462
4.19.1 Voltage Generator Control ---=-=============---cccommm oo 463
4.19.2 Voltage Divider --========== === 464
4.19.2.1 RESISIOr ============ccccccmeeeeeeemecceeeeeneeceeeeoneeoaaa- 465
4.19.2.2 RESISIOr ============cc e eecmeeceeeeeneeceeeeoneeoaa- 466
4.19.2.2.1 Decoder ============-cccemeeeeeeeneeeeeeneeceeeeaaaas 467

4.19.3 RESISIOr === == === == = == = e e e 468
4,19.3.1 Decoder -=-==========--c-eemeeeeeeeeeneeeeceeeeeeeceeeeeoeos 469
4.19.4 Amplifier ========--c oo 470
4.19.5 FOllowWer === ======c-c o e eeeeeeee e 471
4.19.6 Amplifigr ===== === -m oo e 472
4.19.7 Voltage Generator =--=-========== === == cc - oo 473
4.19.7.1 Amplifier 9 --=-- === -mm oo e 474
4.19.7.2 Voltage Regulator =-==-============cccccmommmmcomma oo 475



4.19.8 Amplifier == =====--mmm s 476

4.20 VDDI1 Generator for Bnak5 ------=--=-=---=------mmmommmmmm oo 477
4.20.1 Internal Voltage Controller for Bank5 ----==--=-===-=-===---“c"ccccumm--- 478
4.20.1.1 Delay Ling -=-==-==-==-==-=--c--c--mmmmeo oo 479
4.20.1.2 Delay Ling -=-==-==-==-=--=-----c--mmmmeoooo oo 480
4.20.2 Internal Voltage Generator ------==--===-===-==--=---“=-~----~----~------- 481
4.20.2.1 Voltage Regulator = --================-c-ccccommmmmmmmm oo 482

4.21 Power Switch for Bank5 ------------=---mm-mmmmm e 483
5.0ZQ Calibration === ===== === 485
5.1 ZQ Calibration Comparator - --================-==“«c--c-c-----oo-o--oo-- 486
511ZQBUffers2 -=---=---=---m - 487
512ZQBuffers3 ==--===-------smmeimm oo 488
51.3ZQBUfersS4 -==---= - mmmmm o 489
5.1.4Decoder == -====== === mmm oo oeoeoooooo-oo- 490
5.1.5Decoder ---- === mmmm e oo 491
516 ZQUP RESISIOr == ========= = mmmmm oo 492
5.1.7ZQ Down ReSIStOr ================-=“-=--c-------mooooooo- - 493
5.1.8 Voltage Divider ============-ccccmmm oo 494
5.1.8.1 Decoder === --====-mmmmmmmm oo ommoomn oo 495
5.1.8.2Decoder == -=--==--==mmmmmmmm s 496
5.1.8.3Decoder ---=--==--=-mmmmmmm oo 497

51.9 COMPARATOR 1 -------------mmmmmmmmmmmmmmmo oo oo oo - 498
5.2ZQ Clock Generator ====-===========-=-“------------o-o-o--o--o--o-- 499
5.3ZQ Multiplexersand D Flip Flops -------=-==--==-===--=--“---“-------omou-- 500
531 0sCillator === =========== s mmm oo m oo 501
5.3.2ZQ Multiplexerand D FlipFlop 1 == -===-===========--mmmmmmmmmmmmm oo 502
5.3.3ZQ Multiplexerand D FlipFlOp 2 === ===-======--=mmmmmmmmmmmmm oo o 503
5.3.4ZQ Multiplexer and D FlipFlop 3 === ===--=====--==-ncmmmmmmmmmm oo 504
54ZQRegister —=--=-==-=-m oo 505
5.5ZQ Multiplexersand Latches --=---==-=======-=---““--------ooomo - 506
5.6 OSCillator 3 === == ==== === s o s oo om o 507
5.6.1 Frequency Divider 10 ---------------------------------------oooo - 508
5.7ZQBuUffersl ----==--==--- - m oo 509
5.7.1BUffers ===--=--=-=-----mm e 510
58ZQBufferss =----=--------mm oo - 511
5.8.1BUffers =====-=---mmmmmm e - 512
6.0 Bank Control LOgiC === ================= oo o oo 514
6.1 Self-Refresh Controller -===--==========-c-mmm oo 515
6.1.1 Counter 2 == === === mmmmm oo omoom oo 516
6.1.2 Timming Controller -=-==-=====-==-=cm oo m e m oo 517
6.1.2.1 Oscillator ===============-=--““---omo oo 518
6.1.2.1.1 CapaCitor ===============c - 519

6.1.2.2 Divider == ==== === s m oo 520



6.1.2.3 Data Detector ---=---=======-==-=--“"-“------ooooooo - 521

6.1.2.3.1L0QIC =======-=======-- - 522
6.1.3CoUnter 3 == === === === s eeeeeeeeoeeoeooe 523
6.1.4 Self-Refresh Mode Set -----=---=-==-=----mcmmmmm oo 524
6.1.5Buffer =-=-=-=-----ccmm e 525
6.1.6 SR Enable Timming Controller =----=========-=c-ccmmmmmm oo o o 526

6.1.6.1 Oscillator 3 === ============-cccm oo 527
6.1.6.2 CouNnter -=============-==-“"-“- oo 528
6.1.7 Temperature Detector == ==============-cccccmom o mcaoooeoon o 529
6.1.7.1Bandgap 1 - === == -==== == 530
6.1.7.1.1 Amplifier ======--=c-mccmmmmmr oo e - 531
6.1.7.2 Voltage Generator -----========== === === - = oo oo 532
6.1.7.2.1 Control LogiC =================cc-ccccmccmmmmoaoaonnn 533
6.1.7.3 Comparator =-=-=============“-"="-““-“-------o------------- 534
6.1.8 Timming Controller =============ccccccm oo e o 535
6.1.8.1 Divider ----=--==---c-ccmme oo 536
6.1.8.2 OsCillator == ======= === === s e e - 537
6.1.8.3 BUffer ========cccmmmee e a 538
6.1.8.4 Buffer == -==--=----- oo 539
6.1.9 Counter -=-==-==-==-="-=--- oo 540
6.1.9.1 Clock Control ================ccccccm oo e 541
6.1.10 STR Controller ============= === e e e 542
6.1.10.1 Divider =========-cncmcm oo 543
6.1.10.2 RegiSter = ========-- oo eeeeeeeeeeecnaeoeana 544
6.1.10.3 Oscillator ===============cccc oo 545
6.1.10.4 Ostillator ===============ccccemcm oo 546
6.1.10.5 Data Adder -----=-=-=--=--=--------memeeoooeooeoo o 547
6.1.10.5.1 Full Adder 3 ---=-========== = oo - 548
6.1.10.6 Data Detector =-=-============= "= - 549
6.1.10.7 Decoder =---=-==-==-c-m-ccmcmeee e e 550
6.1.10.8 RegiSter === -====== === oo eeeoeeoeooeo 551
6.1.11 Rising edge Detector ===-=============ccccccmcom oo 552
6.1.12 Timming Controller ==-===========cccccm e cce oo 553
6.1.12.1 Ostillator =============ccccccmmc e 554
6.1.12.2 Rising Edge Detector =-=--=-===========--c-cceccmcmommaaom - 555
6.1.13 Level Shiftersl ------=--=----m oo 556
6.1.14 BUffer == ==--====== - eoe e 557
6.2 Auto Precharge Controller ============-=ccccmomm oo n o 558
6.2.1 Shift Register === ===-===== === - 559
6.2.1.1 Decoder ===-========-c-m-cceceeeeeeeceeeeeneeeeceeeeea e 560
6.2.2 Auto Precharge Register === -==-=====-=-=c-ccommmm oo 561
6.3 AP Decoder ------==--==---mmmmmmm oo 562
6.4 Bank Decoder == === -== === === oo 563



6.5Mux Latch ----------------------------ooo oo 564

6.6 Multiplexer 3tol --------------------------------oo-o--ooooooooo o 565
6.7 Bank Decoder 2 ---------------------mmmmm oo 566
6.8 Single Bank Precharge Selector ---------------------------------o----. 567
6.9 PASR Decoder and Register ----------------------------------------o- 568
6.9.1LatCh ~------ - mmm e 569
6.9.2 PASRRegister ------------------------oommmmomo oo 570
6.10 Buffers -----------------------oomm e 571
6.11 BUffers - === === --mmmmmm oo oo 572
6.12 BUffers - === - === --m-mmmm oo 573
6.13 Bank5 Control LogiC = -==-========-=- oo oo 574
6.13.1 Control LOgIC ================c-== oo ommommoomnm e 575
6.13.1.1 Rising Edge Detector ---------------------------------~---------- 576
6.13.1.2 LatChes - === === === === mm s mm oo 577
6.13.1.3 Delay Ling -=--==--==----mmmmmm oo 578
6.13.1.4 Delay Ling -=--=---===-----mmmmm oo 579
6.13.1.5 Over Voltage Detector -----=--=-=-====-==-----ommommmmmmm oo s 580
6.13.1.5.1 Level Shifter --------=---mmmmmmmmm oo 581
6.13.1.5.2 Level Shifter ----------------------------oomom oo 582
6.13.1.5.3Delay Line ------------=-----------------ommo oo 583

6.13.1.6 Edge Detector --------------------------------------oooooo - 584
6.13.1.7 Auto Precharge control Logic for one Bank -------------------------- 585
6.13.1.7.1 Delay Ling =----========--nmmmmmmmmm oo 586

6.13.1.8 Delay Lines === -====-===--mmmmmmmm oo 587
6.13.1.9 Multiplexer 2t0l --------=-====---------------------------------- 588
6.13.1.10 Delay Ling ----=---===----=----=--------------oo--o-------. 589
6.13.2 Read and Write Enable Controller for A Bank ---------------------------- 590
6.13.3 Read Write Timming Circuits ----------------------------------------. 591
6.13.3.1 Delay Ling -=--=--====------mmmmm oo 592
6.13.3.2Delay Ling == -====-====--mmmmmmm oo 593
6.13.3.3 Oscillator ------------------------------------""--------------- 594
6.13.3.3.1Delay Line -------=----=-------------ommo oo 595

6.13.3.4 Timming Controller -----=--==--==--=---c-ommmmmmm oo 596
6.13.4 Enable Controller -----------=----=---------------ooooo oo 597
6.13.5L0QIC == === mmmmmmmm oo 598
6.13.6 AY 1l Register =---------=mmmmmmm oo 599
6.13.7 Clock Buffer -------------------------ooommmo - 600
6.13.8 Row Address Decoder Enable Logic ----------------------------------- 601
6.13.8.1 Delay Ling ------------------------------ommoommoooo - 602

6.14 Read Write Controll OK for DLL ----==--==--===-==----ommmmmmmmm oo 603
6.15 Buffers - -=--------mmmmr oo 604
6.16 Self Refresh Detector == --====-=====----mommmr oo 605
6.17 Clock Generator ----=-=====--=--=====----------------------------------- 606



6.17.1Delay =--========== == 607

6.17.1.1 Decoder =============--c-sceeememeeeeceeeeeneeeeeeeeeeeas 608
6.17.2 Frequency Divider 11 =-=============ccccccmom oo 609
7.0 Control Path == === ====c-cccccmmmmr e ceec e 611
7.1 Command Input and Decoder -=-==========-=-==cccccc-ccmmmeoeaao - 612
7.1.1 Command Pad Input -==-========== === === 613
7.1.1.1Pad Input Enable == -===========--ccccmmm oo 614
7.1.1.2 Pad Input Buffer =-====-==-===--cccmmc oo 615

7.1.2 DFF and Buffers == -=-======-c-cccmcmc e e - 616
7.1.3 Command Decoder -==-============-cccccccccmmooomooaoo - 617
7.1.3.1 Command Decoder Enable --=--=-====-=-=-c-ccccmmmmcmmee e 618
7.1.3.2 CommandDecoder Input Buffer =--=--=-=-==-==-cccmoommmmmmeaaaaoo 619
7.1.3.3 Command Decoder Cell 1 --------=-==-=--=--“-------c-omomooo - 620
7.1.3.4 Command Decoder Cell 2 -----=--==--=---=---“---ommmmm oo 621

7.1.4 CKE Multiplexer and Latch =-============ccccmcmmmmcaa e oo 622
7.20DT PAD INpUt === === == === == s oo o e e oo 623
7.3 RESET Input Buffer ==-=-=-=====-c-m oo e 624
7.4 Pad Input Enable -===-===== - -=-m oo 625
7.5 AddressLogiC == === === === === eeeeeeoeeoeo - 626
7.5.1 BUffers === ======-=c-ccmcm oo ee 627
7.6 ODT and Rtt Nom Input == =============ccccmcccmmmmc e e oo 628
7.7A12 BClnput Control ===============cc-c-ccmm oo oo 629
7.7.1 Shift Register 2 === ====----cmmmomcm e eecci e 630
7.8 Command Decoder Output Control --=---=============cc-cccommme oo 631
7.8.1 REF and SRE Control ===============c-ccccmccmmmcmoa oo 632
7.8.2 Read and Write Command Control -==----=-==--====---------------c-----. 633
7.8.2.1 Read and Write Bank Control =--============c=ccccccmmcmmnomnnann. 634

7.8.3 Shift Register and MUX = -==-== === -mmm oo 635
7.8.4 PREA COoNtrol ---=--===-==--mmmmmmm o oo 636
7.8.5ZQ Cdlibration Long or Short Set -----==============-““c-ccmmmmmemo . 637
7.8.6BUffers == === === mm e - 638
7.8.7 Data Output Buffer Controller ==============ccccmcmmmommaaeaem e 639
7.8.7.1 Oscillator ==========ccccccecmmmcm e 640
7.8.7.2RegiSter == === === oo 641
7.8.7.3D€eCoder == === = - - m e m oo 642
7.8.7.3.1 Demultiplexer 1t04 ---=-=-======= == -cccm oo meooo oo 643

7.8.7.4 Clock Buffer ==========--ccmcmmmc oo 644
7.8.7.4.1BiasGenerator -=--==============-=--- - 645
7.8.7.42DriVer =======--c-c-mecee e eeeeemeceeeeeeee o, 646
7.8.7.4.3DriVer ====-==--c-comem e eeeeemeeeeeeeeee o, 647

7.8.75 RegitEr == ===- == eeeeeeeeeeeciieoeaea 648
7.8.7.6 BUfferS === === =mmcmmc e e e 649

7.9 Command Control Clock ===============cccccmcm oo m o s 650



7.9.1 Oscillator and LOgiC =================c-ccccccommmmcmacmmeoomm s 651

7.9.2 Command Clock Input 1 ==============-ccccmmcmmmc oo 652
7.9.3 Clock Generator ===-===== === === === 653
7.9.4Clock and LOQiC === =========== === == emmooooo 654
7.9.5 Frequency Divider 12 --------------------------------o-moooo o 655
7.95.1 BUffer ======-=cc-memee e eceeeee e 656
7.9.6 Divider and Buffer -=-=-=-==-==-=--cccm oo 657
7.9.7 BUffers === ======--cmcom e 658
7.9.8 Frequency Divider 2 ------------------------------------------------- 659
7.9.9 Frequency Divider 3 -------------------------------moomm oo 660
7.9.10 Frequency Divider 4 -=-======---cccccmommmmne e e - 661
7.9.11 Clock Buffer 1 == -=-==== == -cmmmmmmm e e e 662
7.9.12 Clock Buffer 2 ============m - e e e 663
7.10 Command Control LogiC2 ==================-ccccccocmmmmoma oo 664
7.10.10Nne Shot == === ======= == oeeoeooeoooo o 665
7.11 Command Control LogiCl -============= === === 666
7.12 Control Latency Set == --=-========== === -c oo 667
7.12.1 CL AL Decoder =-=========mmmmmem e cccccecee e 668
7.12.2 ODT Latency Set -==-=--=-==-==-==-=--=-------mmomoooo oo 669
7.12.2.1 Clock Buffer ==========-ccm e e 670
7.12.2.2 Decoder == ===========--mc e eeeeeeceeceeeeeceeceeeeeee e e 671
7.12.2.3 Shift Register == -===-=-=--cmccmmmcm e 672
7.12.2.4 Multiplexer and Register -=--=-=======--=--cccmmmm oo 673
7.12.2.5 Multiplexer and Register == -----=========---cccommmmm oo 674
7.12.2.6 Multiplexer and Register ==-=============c-cccccmmommmcaoa oo 675
7.12.2.7 Multiplexer 3tol ---==-==========-=-“--“-----------o--o------- 676
7.12.2.8L0OQIC == === === === eeeoeeoeeomoooo 677
7.12.3 Read and Write Command Latency Set 1 ---------=---=--====--c--“-"co-"-- 678
7.12.3.1 Clock Buffer ==========ccccemmmomcc e e e cce e e e oo e s 679
7.12.3.2 Decoder =----==-==---mecmm e e 680
7.12.3.3 Shift Register == -==========--cc oo 681
7.12.3.4 Multiolexer and Register ==-=============c-cccccmmocmcaoa oo 682
7.12.3.5 Mutiplexer and Register =--=============cccccccmmommomaoaono 683
7.12.3.6 Mutiplexer and Register ===-=-========-=-cccccccmommmaa e oa s 684
7.12.3.7 Multiplexer 3tol == -========== === 685
7.12.3.8 Multiplexer and Register -------=========---cccommme oo 686
7.12.3.9L0QIC == ========== == eeeeeeoeeooeoooo 687
7.12.4 Read and Write Command Latency Set 2 ----=-=-===========--cc-ccccuu--. 688
7.12.4.1 Multiplexer 3tol ================c-ccc-cccceoeoeoooooooo 689
7.12.4.2 Multiplexer and Register ===-=-======-=-c-cccccomomcmmaeeon o 690
7.12.5 Read and Write Command Latency Set 3 ---------=-=-=--====--c--cccum---- 691
7.12.5.1 Clock Buffer ===========-=ccm e e 692
7.12.5.2 Register and Multiplexer ===============ccccmcmmmcmca oo 693



7.12.5.3 Shift Register === === == === =mssmm e 694

7.12.5.4 Multiplexer and Register ----------------------------------------. 695
7.12.5.5 Multiplexer and Register -----------=========-------onaaaaa oo 696
7.12.5.6 Multiplexer and Register ----------------------------------------. 697
7.12.5.7 Shift Register -----------------------mmmmmm e 698
7.12.5.8 Multiplexer 3tol -------========- - mmmmmm oo 699
7.1259L0QIC ~=-==mmmmmmmmmmmmmmmmmmmmmoomooooooooooooooooooooooooo 700
7.12.5.10 Multiplexer -=---=-==---===---=------------------o--oo--- 701
7.12.5.11 Multiplexer 3tol ------------=-----=------------------oooo- - 702
7.12.5.12 One Shot and Buffers -----------------------------comm- 703
7.12.6 Shift Register and Buffers --------------------------------o - 704
7.12.6.1D€lay === 705
7.12.6.2 Shift Register -------------------------------------------------. 706
7.12.6.3 Buffers ------------------------e e 707
7.12.7Buffers3 ----------------mmm oo 708
7.13 Mode Registers and Control --------------------------------------------- 709
7.13.1 Mode Registers --------------------------mmomm oo 710
713.1.1BAfor MR Select ------------mmmm e 711
7.13.1.2 Clock For Mode Registers 3 -------------------------------------- 712
7.13.1.2.1 Clock For Mode Registers 2 -----------=----------------------- 713
7.13.1.2.2 Clock For Mode Registers 1 -----------=----------------------- 714
7.13.1.3 Mode Registers 3 --------------------------------oommoomo oo 715
7.13.1.3.1 MPR Decoder --------=--------mmmmm oo 716
7.13.1.4Mode Register 2 -----------------mmmmmmm oo 717
7.13.1.4.1 CWL Decoder ------===============------------------------ 718
7.13.1.4.2 Rtt_WR Decoder ------------------------------------------- 719
7.13.1.5Mode Register 1 ---------------------------------ooomoooo oo 720
7.13.1.5.1 Rtt_Nom Decoder ------------==----=----------------------- 721
7.13.1.5.2 DIC Decoder -------=======-===--=------------------------- 722
7.13.1.6 Mode Register 0 ---------------------mmmmmmm oo 723
7.13.1.6.1 Burst Length Decoder --------------------------------------- 724
7.13.1.6.2 CAS Latency Buffer --------------------------------oooooooo 725
71317 BUffers - === mmmm e 726
7.13.1.8 Buffers -----------------------m e 727
7.13.2 Command Control Logic3 -------=-==---==-----=----“=--"---------------. 728
7.13.2.1 Shift Register LOgIC 2 === ========-=-=-mmmmmmmmmmmm oo 729
7.13.2.2 CL CWL Detector -------======--------------------------------- 730
7.13.2.3 Command Detector ---------=-----=-----=----------------------- 731
7.13.2.40ne Shot and LOgIC -----==---===---===-------------~------------. 732
7.1325MRLOQIC ------===---==----mm-mmmmommm oo 733
71326 Latches5 -------------mmmmmmm e 734
7.13.2.7 Shift Register LOgiC -=================--ommmmmmm oo 735
7.13.2.8 Command Control and Register ----------------------------------- 736
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7.13.2.8.1 One Shot and Register2 =---=-=-======-=cccccmcmmcmacaonno. 737

7.13.2.8.2 Driver and Multiplexer -===-==========c-cccceommm oo 738
7.13.2.8.30One Shot and Reglister 1 -==--===========-cccccmccmmocmnonno- 739

7.13.2.9 Shift Register 1 -=--====== === == s oo 740
7.13.3 Mode Register Control Logic2 --=-==============-cccccccommommmom 741
7.13.4 Mode Register Control Logicl --==-=================cczcccommmmmmmn 742
7.14 Data Path Control ================cccccmm oo 743
7.14.1 Data Write Input Control and Test -===-===========-ccc-ccccmmocmmon-o- 744
7.14.1.1 Test for DataWrite4 ---=-====-= == -m oo - 745
7.14.1.2 Test for DataWrit@ 3 ======== === =-m s e - 746
7.14.1.3 Test for DataWrit@ 2 ===============-c - - 747
7.14.1.4 Test for DataWrite 1 --------=-=-=-=----c-mmme e 748
7.14.2 Data Write and Read Control =--=--=-=-==========c-ccccommmmmmmaoo- 749
7.14.2.1 Write and Read Control 2 =-==-=========-cc-ccommmmme oo 750
7.14.2.2 Write and Read Control 1 --=--=-========-cc-ccommmmmmmemee oo 751
7.14.2.2.1 Data Write Muxs L atches and Read Driver Control ---------------- 752
7.14.22. 1.1 Norand Driver 1 ===-========-=-=-2ccmommmmm e e o - 753

7.14.2.2.2 BUffers === === == - = s e 754

7.14.3 DataRead Control ==-============-ccccccccmmmoec e 755
7.14.3.1 Register and Driver ==-=========ccccmcocmmcac oo 756
7.14.3.2 DataRead Control 2 -=-=--=--=-==-==-=--=--“-~-“-----ooo-- - 757
7.14.3.3 Data Read Control Citcuit ==-=-==============-cccccccmmommnmnno. 758
7.14.3.3.1 DataRead Control Cell 1 ------=-======-=-cccmmmmmm e - 759
7.14.3.3.1.1 Shift Register and Latch -----------=--==----“-c-ccouuuu-- 760

7.14.3.3.2 DataRead Control Cell 2 -=============--ccccmmcmacaaenn- 761
7.14.3.3.2.1 Shift Register Latch 2 --------==----=-c-mcmmmmme oo 762

7.14.3.3.3 Control and Buffers ==--============cc-ccmmmom oo - 763

8.0 Test Circuits =============c-ccmcmm e cecmcccmcccccccmc e oo 765
8.1Test Input CirCuit 2 ========= === === me oo 766
8.1.1 Decoder - === === === = s e e oo e 767
8.1.1.1 Decoder === -======= === eeoeeoeooeo 768
8.1.1.2 Decoder ===========-c-c--emeee e emeeeeceecmeeeeceeeneeceeananas 769

8.2 Test Input CirCuUits === == ========== === oo oo 770
8.2.1 Decoder =============c - emeeeeeeeeeeceeeeeneeceeeeaneaas 771
8.3DUMMY 1 == -=-- == -me e eeeeeeeeeeeeeeeeeeeeea e, 772
8.4 Test and Configuration =-==-===== === === ===« ==& oo 773
8.4.1 Address and Command Controller Test Circuits for Odd Banks --------------- 774
8.4.1.1BUfferg =========-ccce e eeeeceececee e 775
8.4.1.2 Enable LogiC === =============ccccccmmeeoeoeooooeoon - 776
8.4.1.3 Tset Address Buffers =-==-=====-=--c-cmmmmmc oo - 777
8.4.1.3.1 Register === ========-ccmemcmc e eeeneeceeeecnaeoeanas 778
8.4.1.3.2LatChes == === --=- - - s m o 779
8.4.1.3.2.1 Falling Edge Detector --=-=-============-cccccmcmmnommonm- 780

18



8.4.1.4 Test Command Controll for Odd Banks ------------------------------ 781

8.4.1.4.1 ReQiSter -====== === mmmmmmmm oo 782
8.4.1.42 Test Enable Signal ------------==--=---c--mmmmmmmmmmm oo 783
841421 RegiSter - --=-=-mmmm i mm oo 784
8.4.1.4.3 Command Decoder for Test -------=-=---=--=---mmncmmmmmmmmnn - 785
8.4.1.4.4 OsCillator == =============c oo 786
8.4.1.4.5 Register for Test ----------------------------------------- 787
8.4.14.6TestLOQIC -=---==-======------mmmmmmm oo 788
8.4.1.4.7 Test Timming Controller -=--=---=-==-===-==--=cn-mmmommmmmmmmmm o 789
8.4.1.4.7.1 Oscillator Enable Signal ----------==--==--=---=---“-""o"-- 790
8.4.1.4.7.20Cillator -==========-==-mmmmm oo 791
8.4.1.4.7.3 Frequency Divider -----===---===---=c-cccmmmmmaaooe e 792
8.4.1.4.8 Test Bank Control for Four Banks ------------------------------ 793
8.4.1.48.1Register ---------mmmmmm e 794
8.4.1.4.82 Lateches ------=--=-------m-mmmmmm oo 795
8.4.1.4.8.3 Decoder --------mmmmmmmmmm oo 796
8.4.1.4.84 Latches --------==---m-mmmmmm e 797
8.4.1.4.8.5 Multiplexers ---=------====--mmmmm oo 798
8.4.1.4.8.6 Buffers ------------------mmmme e 799
8.4.1.4.8.7 Buffers ==---------mmmmm e 800
8.4.1.4.88 Buffers ------------mmmm e 801
8.4.1.49L0QIC ----=---=-mmmmmm s mmmmmom o 802
8.4.14.10L0QIC == -======-mmmmmmmmm oo mm oo 803
8.4.1.5 Test Address Predecoder ----=-==--==========-=-cccccmmmmommaoo 804
8.4.1.6 Test Address Predecoder ----------------------------------------- 805
8.4.1.7 Test Address Predecoder ---------------------------------"-------- 806
8.4.1.8 Test Address Predecoder ---------------------------------"-------- 807
8.4.1.9 Test Address Predecoder ---------=-=--==--=---=-------ooommmnno- 808
8.4.1.10 Address Multiplexer for Odd Banks ------=----==--==--=------"0""-u- 809
8.4.1.10.1 Latches And Multiplexer --=------========--ncmmmmmmmaaaa oo 810
8.4.1.10.2 Buffers -----------------------oiooommm oo 811
8.4.1.10.3 BUffers === =======mmmmmmmm e 812
8.4.1.10.4 BUffers 23 = === ----====mmmm i m oo 813
8.4.1.10.5 Buffers ---------------------mmmm oo 814
8.4.1.11Buffers ------=------mmmmm e 815
8.4.1.12 BUffers === =====--mmmmmmmmm oo 816
8.4.2 Fuse Test Circuitsfor Two Banks --------------------------------------. 817
8.4.2.1 Fuse CirCUitS === =-============--------ommoooooo oo 818
8.4.2.2 Fuse CIrCUitS - === ============------m-mmooooooooo oo 819
8.4.23 Lalches == ---=-----------mmmmmm oo 820
8424 LalCheS == === === -mmmmmm oo 821
8.4.25N0Or LOQIC2 =-========mmmmmmmmmmmm oo oo 822
8426 NORLOQIC3 ------=-----------mmmmoooommmmmo oo 823



8.4.2.7NORLOQIC4 ============mm oo 824

8.4.3 Latches and Buffers =-=--=-==-====-mommmm oo - 825
8.4.4 Latchesand Buffer =-==-=====-==cccmommme oo 826
85Test Block 1 ==-==-===c--ccoececccccccecccceccccccceceeee e e 827
8.5.1 Latches and Buffers -==-=======-=-commm oo - 828
8.5.2 Latches and Buffers ===--=========-ccommm e 829
8.5.3 Latches and Buffers == ============cccccmcmmm oo 830
8.5.4 Latches and Buffers =----========-ccccomm oo 831
8.5.5 Latches and Buffers === -=-====-====cmomm e - 832
8.5.6 Latches - == ====-=-=--cccommm e e 833
8.5.7 Latches and Buffers === -=========c-commm e - 834
8.5.8 BUffers === === =- o ocmec e ee e 835
8.5.9 Buffers == === == =--m s - 836
8.5.10 BUffers ===========-ccccmec e e e e 837
86Test Block 2 === ==-=====-cccmcmmccc e cccccccee oo ee e 838
8.6.1 Latches and Buffers =----=======--cc-mmm oo 839
8.6.2 Latches and Buffers -=--=========--ccmmm e - 840
8.6.3 Latch Cellsand Buffers 4 ---------=--c-mommmmie e - - 841
8.6.4 Latches and Buffers ===-=-=========-commm e - 842
8.6.5 Latches and Buffers =-=-=-=-=======cmommmm e - 843
8.6.6 Latches and Buffers = -=--=-==-==-cccmommm e - 844
8.6.7 Latches and Buffers - =--=========c-c-mmm e - 845
8.6.8 Latch Cellsand Buffers 2 -=--=========---mc oo 846
8.6.9 LatChes === === === =ccommcmmc e ececeenaee e 847
8.6.10 BUffers =============cc oo 848
8.6.11 BUffers ==========--ccmomcc oo ee 849
8.6.12 BUffers ============ccmcm e e e 850
8.6.13 BUfferg ========-=c-ccmcc e 851
9.0. CELL DEFINITION === === === s mm o e o e e o e e e e e e e e o - 852
9.1, AOI112 1 =---==-- == eeeeeeeeeeeeeeeeneceneaeoeae 853
9.2, A0I112 2 --=-- === - e eeeeeemeeeeeemeeeeeeee e, 854
9.3, AOI112 B --- == == - = mm i mm e e e e 855
0.4, AOI112 4 =---=-- e eeeeeeeeeeeeeemcneeeneaeoea 856
9.5, A0I112 5 == --=mm s e e eeeeeeeeeeeenceecneaeeea 857
9.6. A0I122 ] =---==---=cme e eeeeeeeeeeeeeeeeeeeeeneeeneaeoeae, 858
9.7. A0I122 2 - ==-- s e eeeeeeeeeeeeeeeeneeeneeeea, 859
9.8. AOI13 ---- === -- e eeeeeneeeee e 860
9.9. A0I13 2 == -=------meemeee e eeeeeeeeneeeeeeeeeeeee e, 861
9.10. AOI13 3 =-=--==--=-c e eeeeeeeeeeeeeemeeeeeeceeeeeeeeeae, 862
9.11. AOIL3 4 == --=--mmmme e eeeeeeeeeeeeecmeneeeneeaea, 863
0.12. AOI14 1 == --=---mmem e eeeeeeeeeeeeeeeeceeneeeneaeeee 864
9.13. BUffer 1 = === ====-c-emmme e eeeeeeneeeeceeeoeeenaee 865
9.14. BUffer 2 === === === smm s eeooeeoeeoe o 866



9.15.
9.16.
9.17.
9.18.
9.19.
9.20.
9.21.
9.22.
9.23.
9.24.
9.25.
9.26.
9.27.
9.28.
9.29.
9.30.
9.31.
9.32.
9.33.
9.34.
9.35.
9.36.
9.37.
9.38.
9.39.
9.40.
9.41.
9.42.
9.43.
9.44.
9.45.
9.46.
9.47.
9.48.
9.49.
9.50.
9.51.
9.52.
9.53.
9.54.

9.55
9.56
9.57

Buffer 3 ---------------------------------- e 867
Buffer4 --------------------------------o e 868
Buffer 5 ------------------------------oo e 869
Buffer 6 ------------------------oo e 870
Buffer 7 ------------------mmm e 871
Buffer 8 --------mmmm o e 872
Capacitor Cell ----------------mmmmmmmme e 873
DFipFOpL -----------------mmmmmmmmmm oo 874
DFipFlop10 -------------------m-mmmm oo 875
DHipFOp1l ------------------mmmmmmmm oo 876
DHIpFIOP 12 - - mmmmmm e 877
DHIpFIOP 13 === - - e 878
DHIpFIOP 14 ------=mmmmmmmmmmmm e e 879
DFipFOP15 ----------------mmmmmmmmmm oo 880
DFHipFOp16 ------------------------mmmmmm oo 881
DHipFOp17 ------------------mmmmmmm oo 882
DHIpFIOP 18 - mmmmmmmmm e e 883
DFIPFIOP 19 ------mmmmmm s mmm o e 884
DHIpFIOP2 -----=-=mmmmmmmmmmmmmm e e 885
DFipFOp20 ------------------mmmmmmmm oo 886
DFipFop2l -----------------mmmmmmmm oo 887
DHipFoOp22 -------------------mmmmmmm oo 888
DHIpFIOP23 - - 889
DHIpFIOP25 === 890
DHIpFIOP26 ------=======mmmmmmmmmmmmm e e 891
DFipFOp27 ---------------mmmmmmmmmm oo 892
DFipFlop28 --------------------ommmm oo 893
DHipFoOp29 -------------------mmmmmmm oo 894
DHIpFIOP30 === e 895
DHIpFIOP32 - 896
DHIpFIOP33 === e 897
DFIipFlop34 --------------mmmmmmmmmm oo 898
DHIipFIOp35 --------=-mmmmmmmmmmmm e e 899
DHipFoOp36 --------------------------omm oo 900
DHIpFIOP 37 - 901
DHIpFIOP38 === 902
DHIpFIOP39 ------=--mmmmmmmmmmmmmm e e 903
DFipFOp4 ----------------mmmmmm oo 904
DFipFlop40 ------------------mmmmmmmm oo 905
DFipFoOp4l ------------------mmmmmmm oo 906
DHIpFIOPA42 - === 907
DHFIpHOPA3 -----mmmmmm e 908
.DHipFlop44 ---------------mmmmmmmmmm e e 909



9.58. D FHipFlop 45 -----------------mmmmmmmmmmee e 910
9.59. DHIpFIOP6 ----------==----mmmmmmmmm oo 911
9.60. DFIipFIOp 7 =---==----=-----mmmmmmmm oo 912
9.61L. DFIipFIOp8 ----------=----mmmmmmmm oo 913
9.62. DHIpFIOP9 ---------mmmmmmmmm e 914
9.63. Decoder Cell 1 ------------mmmmmmmmm e 915
9.64. Decoder Cell 2 ----------------mmmmmmmmmmme oo 916
9.65. Delay 1 === e 917
9.66. Delay 10 -------=------mmmmmmmm e 918
9.67. Delay 11 ---- - 919
9.68. Delay 12 - - - - 920
9.69. Delay 13 - - - - 921
9.70. Delay 14 == === m e 922
9.71. Delay 15 - m s 923
9.72.Delay 16 === 924
9.73. Delay 17 === e 925
9.74. Delay 19 - - - - 926
9.75. Delay 2 - - 927
9.76. Delay 20 == - - 928
O.77. Delay 21 === e 929
9.78.Delay 22 - === o e 930
9.79.Delay 23 ------------mmmmmmmn oo 931
9.80. Delay 24 - - - - e 932
9.81. Delay 25 - - - - - 933
9.82.Delay 26 === oo 934
9.83. Delay 27 === oo 935
9.84. Delay 28 - - === e 936
9.85.Delay 29 -------------mmmmmm oo 937
9.86. Delay 3 === 938
9.87. Delay 30 - - 939
9.88. Delay 4 === 940
9.89. Delay 5 === e 941
9.90. Delay 8 === e 942
9.91.Delay 9 ----------mmmmmmmm e 943
9.92. INV L ----mmmmmmmmmm e 944
9.93. INV 10 ------mmmmmmmmmm e 945
9.94. INV 11 ----------mmmmmmmmmmmmommmomm oo 946
9.95. INV 12 ------mmmmmmmmm e 947
9.96. INV 2 === - 948
9.97. INV B ----mmmmmmmmm e 949
9.98. INV 4 ---- - 950
9.99. INV B ---mmmmmmmm e 951
9.100. INV B =-----=-=-mmmmmmmmmmmmmmmmoooomo oo 952



9.101.
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9.105.
9.106.
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9.143.

INV 7 ---mmmmmmmmmmm oo oo 953
INV 8 == - m o s o oo o o o o o e e e e e 954
INV Q ------mmmmmmmmmm oo 955
Latch -----------------mmmeeo oo 956
= (o e 957
LatCh 10 == === mmmmmmmmmm oo 958
Latch 11 -------------mmmmmmmmmomm oo 959
Latch 12 -------------mmmmmmmmmmom oo 960
Latch 18 -------------mmmmmmmmoom oo 961
LafCh 14 - === mm oo e 962
LatCh 15 - === mmm i m o e 963
LatCh 16 - == === === mmmmm oo oo 964
Latch 18 ------------------mmmmmmoo oo 965
Latch2 --------------mmmmmmmo oo 966
Latch20 ---------------m-mmmmmmm oo 967
LafCh 21 == === mmmmm o m o e 968
LafCh 22 - === mmmm i m oo e 969
LatCh 23 - === mmm oo m oo 970
Latch24 --------------mmmmmmmo oo 971
LatCh 25 === o mmm o m o e 972
Latch 28 -------------------mmmmommo oo 973
LatCh 29 - === mmmmmm i mm oo 974
LatCh 31 == - - o mmm i m oo 975
LafCh 32 - === o mmm o mm oo 976
Latch33 ---------------mmmmmmmom oo 977
Latch34 -------------mmmmmmmo oo 978
Latch35 ---------------m-mmmmoom oo 979
Latch 36 --------------------mmmmmmmoooo oo 980
LatCh 37 === - mmm o m oo 981
Latch 38 - === mmmmm i m oo 982
Latch39 -----------------mmmmoe oo 983
Latch40 -----------------mmmmmem oo 984
Latch4l -------------mmmmmmmmmoom oo 985
LafCh 42 === - mmmm oo e 986
LatCh 43 === - o mmm oo oo e 987
LatCh 44 - === mmr oo 988
Latch45 --------------mmmmmmme oo 989
Latch46 --------------------mmmmmmo oo 990
LBECN A7 === = - = == o o o oo 991
LatCh 48 - === mmmm i mm oo e 992
LatCh 49 - === o mmm oo e 993
LatCh 5 == - - - mm oo oo 994
Latch50 -------------------mmmmmmmo oo 995



9.144.
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Lalch 6 -----------=-----mmmmmmmm oo 997
Latch7 -------------mmmmmmmmmm oo 998
Latch8 -----------------ommmmmm oo 999
LatchCell 1 -----------------mmmmmmmm oo 1000
LatchCell 2 ---------------mmmmmmm oo 1001
LatchCell 3 ---------------mmmmmmmmmm oo oo 1002
LatchCell 4 ------------mmmmmmmmmmmm oo 1003
Leve Shifter 18 ------------------mmmmmmmmmmee e 1004
Leve Shifter 19 -------------------------omm oo 1005
Level Shifter 1 ------------------------oommmooo oo 1006
Level Shifter 10 -----------------------mmmmmmoo oo 1007
Level Shifter 11 --------------==---------mmmmmoo oo 1008
Level Shifter 12 -----------------------mmmmeeeee e 1009
Level Shifter 13 ------------------------mme e 1010
Level Shifter 14 ----------------------mmmmmmo oo 1011
Level Shifter 15 -----------------------oommmoo oo 1012
Level Shifter 16 -----------------------------oooo oo 1013
Level Shifter 17 --------------==-------mmmmmmmm oo oo 1014
Level Shifter 2 ----------------------mmme e 1015
Level Shifter 20 -------------------------e e 1016
Level Shifter 21 ---------------------------oom oo 1017
Level Shifter 22 ---------------------mmm oo 1018
Level Shifter 23 -----------------------ommmmoo oo 1019
Level Shifter 24 -----------------------mmmmmm oo 1020
Level Shifter 25 ------------------------------o oo 1021
Level Shifter 26 --------------------------------ooo oo 1022
Level Shifter 27 --------------------------om oo 1023
Level Shifter 28 ------------------------ommomoo oo 1024
Level Shifter 29 -----------------------ommmooo oo 1025
Level Shifter 3 ------------------------mmmmmmm oo 1026
Level Shifter 30 ------------------------- e 1027
Level Shifter 31 ------------------------- e 1028
Level Shifter 32 -------------------------om oo 1029
Level Shifter 33 ------------------------mmmmoo oo 1030
Level Shifter 34 ----------------------mmmmmoo oo 1031
Level Shifter 35 ------------------------ommmmm oo 1032
Level Shifter 36 ---------------------------- e 1033
Level Shifter 37 -----------------------me e 1034
Level Shifter 38 --------------------------om oo 1035
Level Shifter 39 -----------------------oommooo oo 1036
Level Shifter4 --------------------- oo 1037
Level Shifter 5 -----------------------mmmmmmm oo 1038



9.187.
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9.229.

Level Shifter 6 ««=== === === s 1039

Level Shifter 7 ----------------------mme e 1040
Level Shifter 8 ------------------------ e 1041
Level Shifter 9 ---------------------------om oo 1042
MUX2LAnd Latch 1 ----------------mmmmmmmmmm oo 1043
MUX3LAndLatch2 ---------------mmmmmmmmmm e 1044
Multiplexer 2t01 1 -----------=-=----------------o oo 1045
Multiplexer 2t01 10 ------------------------------ oo 1046
Multiplexer 2t01 12 ---------=-==---==------------------------oo-o- - 1047
Multiplexer 2t01 15 ---------=-==----=------------------oo-ooooo oo 1048
Multiplexer 2t01 16 ---------===---==----==--------------------------- 1049
Multiplexer 2t01 17 ======= === =====-=m o oo oo 1050
Multiplexer 2t01 18 ------------------------------- oo 1051
Multiplexer 2t01 2 -=----=-=---===---==------“------------------------- 1052
Multiplexer 2t01 3 ---------------------------- oo 1053
Multiplexer 2t01 4 ----------=-==---==-----------------o----oo-o-- 1054
Multiplexer 2t01 5 -----=-=---=-==----=------------------o---oo---- 1055
Multiplexer 2016 -----------===-=----- oo 1056
Multiplexer 2t01 7 ==================------------o--oooommoo oo oo 1057
Multiplexer 2t019 --------------------------o- oo 1058
Multiplexer 3t01 1 ----------------------------- oo 1059
Muxltiplexer 2t01 13 ------------==------------------------oooooo- - 1060
Nand2 1 ----------------mmmmmmmmm oo 1061
Nand2 2 ----------------mmmmmmm oo 1062
Nand2 3 ----------------------------------------ooooooooooooooooo-- 1063
Nand3 1 ----------------------------------------------------------- 1064
Nand3 2 -----------------------------------------------ooooooooo--- 1065
Nand3 3 ------------------------------------------------oooooooo--- 1066
NOF2 2 === 1067
NOr2 1 ---------mmmmmmmmmmmm oo oo oo 1068
NOr2 3 ------==----------mmmmmooo oo 1069
NOr2 4 -----------mmmmmmmmmmmmo oo ommo o ommmooommooomm oo 1070
NOIr2 6 -=-=====-=====----m--mmmo oo omoo o ommooomm o ommm oo 1071
NOIr2 7 ==-=====-==mmmmmmmmmmmo oo ommo oo oommoommm oo 1072
OAI211 1 -----mmmmmmmmmm e 1073
OAI211 2 ---- - - 1074
OAI211 3 ---------mmmmmmmmmmmmmmmmmmomoomoomoooooooooooo oo 1075
OAI21] 4 -----mmmmmmmmm e 1076
0 A R et 1077
OAIBL 2 ---- - 1078
OAIBL B ----mmmmmmmmmm e 1079
OAIB] 4 ----mmmmmmmm e 1080
OAI31 5 -----mmmmmmmmmmmmmm e 1081



9.230, OAIAL 1 - - === === == mmmm o oo 1082

9.231. Pull DOWN 2 ===========cccce e ccceeccncececeecnemeceeeeona 1083
9.232. PUll Up 1 === === == s mmmm o oo e e e e e e e e e oo 1084
9.233. PUll Up 3 === === mmmmmm e e e e e e e e e 1085
9.234. Tri-Buffer 1 -=-==-===-=-scecmmcc e ccccccmcmccceeoe e 1086
9.235. Tri-BUffer 2 == === == ==c e e ececcee e e 1087
9.236. Tri-Nand2 = -========== === - oo oo 1088
9.237. XNOR === -=-c-mmmcmm o e e emec oo 1089
9.238. XNOr2 == ========c-c e ee e cececcmcccecccecemeneeeeeoona 1090
9.239. XNOr2 == ========c-comceee e cececeeemeeeeeeeana 1091
9.240. XNOF2 1 === === === === oo o oo 1092
9.241. XNOr2 10 == === === == == o s oo oo 1093
9.242. XNOF2 2 === === === === - oo eoe—eo-o--o--o---- 1094
9.243. XNOI2 3 === === == === m o oo e o e 1095
9.244. XNOI2 4 === === === === mm o o e e e e oo 1096
9.245. XNOI2 5 === === == s mm s o e s o e e oo e oo 1097
9.246. XNOI2 7 === === === == == o e e e oo oo 1098
0.247. XOr2 1 ===-=----meemmemeeceeeeeeeeeeeeeeeeeeeeeceeneeeeeeeae 1099
9.248. XOr2 11 == ==== === === eeeee-ee-oeeoe-ooe- 1100
9.249. XOr2 12 === === == mm - mm o oo e e e 1101
9.250. XOr2 13 === === === == mm oo e oo 1102
9.251. XOr2 14 === === mm - mm oo e e 1103
0.252, XOr2 15 == ==-===-- e emeeoeeeeeeeeeeeeeeeeeeeeeeeceeneeeeeeeae 1104
9.253. XOr2 16 ==-======-==c--eecmeeeeeeeemeeeeeeeeeeeeeeceeneeeeeeeaa 1105
9.254. XOr2 17 =========== == - oo oeeoeoeoe-o--o--o---- 1106
9.255. XOr2 2 = === === === s mm e o e oo e e 1107
9.256. XOr2 3 ========= === ooeoee-o-oeoeoee-o-o-o- 1108
9.257. XOr2 4 === === == mm s mm e e e e e e oo 1109
9.258. XOF2 5 === ==---mmmemmeecc e eeeceeeceeneeeeeee 1110
9.259, XOr2 6 =============c--eecmeeeeeeceeeeeeeeeeeeceeeeeeeeeeeeeeaaa 1111
9.260. XOr2 7 === === === === eeee-ee-oee-oeoooe- 1112
9.261. XOr2 8 === === === mm o oo e oo 1113
9.262. XOr2 9 == === === mm s mm o oo e e e e 1114
9.263. delay 6 === -===-==--=m e 1115
STANDARD CELL ---=---=--=-c-cccomcmcmmccc e ccceccccccccmcc o oema e 1116
Appendix: Signal DesCription == -======= === === === c oo 1128
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