VLSI 2026 Review

Session 18 Display Interfaces and Data Conversion Circuits

O 2026 VLSIC| Session 180|Al= & 5| =20| HHEULCL O] T #18-12 2880-
channel OLED DDI%| Miller-charge cancellation (MCC)Zt fast-slew input (FSINP)Z X-&3
0, ZE channelO| SA|0| switchingdts =AM E 13.3 V/us2l slew rateS =dgh LY
8O|Ct. #18-4& OLEDOSE& 11-bit source-driver ICOf| 3-stage resistor-resistor-embedded
(RRE) DACT} multi-step offset calibration2 -85t 1,723 uym?/channel?| H& 1t 1.6 mV
9| DVO, 0.69 ps2| settling time= E/d5IRICt DX 22 #18-5= E= current source
£ E83h= cross-point (XP) DACIt improved correlated double integration (I-CDl)2 Xl
2tS0 mismatch@t amplifier offsetS =0[|1, 1,223 um?/channel?| AL 43 mVve
DVOE Ed¢ot L{&O0|LCt

#18-1 =2 DM Z-TIFALE OLED displaydlA| source driver| #+& £EE =0|7|
2|t display driver IC (DDI)O| 2t3+ LH0|C} %|2 OLED display®| SHAMZ @} frame rate
7t BIHSHEAM ot JHe| rowd|| HIO|HE 7|EY %= U= 1-H timeO| HOIX|L U204, O
O 2t source amplifier’t 2 panel loadE HWHEH FSs{OF otCh £3] 7|E Miller-
compensated amplifiere & 28 AZ 7t Q7HE W Miller capacitor (Cy)= bias current
2 ZHoor 57| IO slew rate?t (ls/CW22 HMehElCh ESF =8 7HS| source
channelO| SA|0| Sot reference voltageE MEYSH global resistor stringd| £
dynamic load7t Z’435t0f reference voltage?t E&2|11 settling timeO| S7tt= &H|7t
UALE.
Ol dlZst7| flsll & =20 A= Miller-charge cancellation (MCC) 7|'HE X|tSHRILCE
MCC+ source amplifier2| 21t L2 current buffer AHO|0]| feedforward capacitor (Cer)
E FIISHL, C=CylE A0 = MYo| W If UMSt= displacement current
£ 0|83l Miller capaC|tor01| 2Rt chargeE A SaCtCh WEtM slew FZHM=
Miller capacitor®| Habs AMMA HAHTH amplifierdd WEH SZst0, 2™ transition
O| BLIE C2 £ MFIF AAABA ARRIX|HA 7|ZE Miller compensationO] CHA|
Ztsto oY H QI settling® FXIPHCE 7|& comparator 7|8E2| slew-rate enhancement
9f B2 Yo 23 offsetO|Lt delayS O|8310] slew T2 AI™S TCHSHX| 27| 2



Of under-charge S+ over-chargeOl 2|3t settling errors &Y = QUCk Est 7|E
folded-cascode summing circuit2 current buffer2 X{AESH0] F=7t transistor 210] MCC
E IHTUOZMN area N static power overheadE %23} Lt

SHH, 2E channelO| SA|0] SAE [ global R-stringdl & E|= capacitive loadE &
O|7] I8l fast-slew input (FSINP) Z7|'H= <A HICtSIRUCE MCCe| YUHS &N ME4E
reference node (Vylk))Oll A& AZSH= CHM QAFTE (VRIk-NDOI HZESIH +=H 7Y
channel®| capacitive loadE O{2] R-string tap2Z &4ASHCEH O MCCE 39| DC
levelO| OfL|Z} voltage transition 27|0] 2|8 S23t7| MZ0| MZ CHE reference tap
2 AHE3IEEHE Miller charge cancellation S22 A& &= UCH

M Q= DDI= 28-nm CMOS 2™ 2 HZE|om, 2880712 source channel® 0|23}
O] 3200x2880 3HA=2| 6.9-inch OLED panel2 120 HzOIA F&SHRACE 1670 channel2
SEAZ % MCCE &30 slew rate?l 7|E 4.8 V/usOlAM 157 V/usE 2 334 &
HEYRol, 288070 channelO| SA[Of transitionSt= worst-case E=AOAME MCCRF
FSINPE 2 M85t 13.3 V/usQ| slew rateE HMSIRACE ESH MK 288071 channel
9| slew-rate variation2 0z=7.5%2 ZHJE|UCE AKX OLED paneld| M= 7|FE FZ=OA
LIEFLEE color imbalance®?t smearingO| ZA3 20, luminance dispersionO| 2 10%0i| A
2%E LASHY US|k OLED displaydiA Aot 7|2l 205 A panel =Z0AM &
SotRALE.
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[O28 1] #18-10)| A H|2tEl Miller-charge cancellation (MCC) 7|

#18-4 =22 X144 = OLED-on-Silicon (OLEDOS) displayS | 11-bit source-driver
ICOjl 2tst LH-8O|Ct OLEDoSE =2 pixel densityS T3 60OF St7| 20| source-driver
O channel BXZ O XA BHS0{0F St= SAI0f, =2 frame rateg ¢[of HE
settlingO| Q- EICt E3H OLED pixel2 22 MFE S&6H7| I{E0| channel 7t output
voltage HAQl deviation of voltage output (DVO)0l| TIZSHH, O|= display uniformity X



SI2 O|o{&E == QICt 7|& multi-stage DACO|L} low-voltage DAC #+ZX& HAZ2 =Y
2 JAX| T sequential switchingd| 2 £HE XLt channel =7t Z7tWS M
reference-line IR drop2 2 DVOZ} HX|= X7t EXotCt. 2 =20 M= 0[2{gt area,
speed, DVO £HXE SA|0| siZ23t7| 2I8ll 3-stage resistor-resistor-embedded (RRE) DAC
TEE M QS

X QtEl 11-bit RRE DAC2 4b+4b+3b2| 3-stage +XZ T E|H, low-voltage DACE &
M AHESHY transistor =2t device sizeE ZQICH 7|F resistor-floating-resistor (RFR)
DACO| M= nonlinear gamma voltageE Mgt I coarse DACOIA MEHEI (vy), (V)OI I}
2} R-string currentZt EEX|12, O|2 QIS mismatch current?t coarse switch@} reference
line2 SE2MA| IR drop0| Ed3ict £ B .= 749| channelO] &%t MSB code
£ ME4SIH reference-line resistance® Sl S2& AFII FHEO DVOZL A 7t
g = QICE Ol ofiZdt7| flsh 2 =22 input datalf M2t MFE ZHSE data-
dependent current source (D°CS)E &1%6}01 mismatch currentg & 20, replica coarse
switch@t fine R-string= global amplifier0fl T30 compensating voltageE ddE2 =2

M nonlinear gamma SX 0| vy et v o ==& =RACL

St T2 channelO] SA|O| S2&E [ff 2lStE reference-line IR drop E0|7] 2I6h
spare amplifier?} R-share logic2 | QtstS f. 50070 O| 49| channelO| SA|0 & d=3}&
AL spare amplifier?t 7|& amplifier®| driving loadE 2&3tH, 21F channelO] &%t
MSB %2 MEHSH= ZR0|= R-share logicE &3 5&3t R-string voltageE SF2HCH
O|E &3l reference lineg S2= ™{/E Z=0{ 1000-channel load =AM = DVO 57+

£ AHeHEE oHH global amplifier?| offset2 ME CHE sourcing/sinking amplifier AtO|
O| voltage XO|E {0 DAC monotonicityS HEE = U7| MEO, multi-step
offset calibration unit (MOCU)2 M &3} ALt MOCU= 5-bit coarse calibration O] 5-bit
fine calibrationg T&5}t0| residual offset= ZO|HA calibration 2|22 AL AlZ+Z

EAAE|'

& &2 2SiAM= high-pass-filter-assisted dynamic current source (HPDCS)E 0| &%t
slew-rate enhancement 7|8& & &3IULCE HPDCS= dynamic-bias source follower2f
high-pass filter, dynamic current source2 T&E|0, 20| transition® [HEZF dynamic
current sourceZt ZHABIE|O] amplifierl slew rateE F7HAIZICE Hd HEHOM=
dynamic current sourceZt 7HX|7| W{E0 F7tH QI static currentE AESHA| Y=Lt FF

At [T 12 V/ps9| slew rate@} 0.69 psQ| settling timeS E4 3Lt

HMI9t=l source-driver ICE 65-nm CMOS &892 H|ZHZ|QACH DAC2| 1 LSBE= 0.49 mVO|
0, Z|CH DNLZF INL2 ZtZF 0.30 LSB2t 0.55 LSBZE =ME|QACE MOCU HE ™ Z|CH{
262 mVRATE DVOE= 1.3 mVIHA| HASHA2M, 1000-channel load ZHMAE spare



amplifier@t R-share logic® X830 XL DVOE 1.6 mVE XNoHSIRACt XFHOZ 11-
bit resolutiong X|ASFHA] 1,723 pm?2/channel?| channel area, 1.6 mV2| DVO, 0.69 us2|
settling time2 E-d35t0] 7|E AT CfjH| ZE2 channel arealt 2 DVO, HHE settling

g2 A0 =LAt

Conventional RFR DAC [6] IR drop at the parasitic Disadvantage of RFR DAC
@Rdop QIR drop resistance .
Vir=Vew1 v Veer Vitooo=Vanet-EVaen @ Only linear gamma
P oW Vriei| w IIV D Constant current source
Vs 3 Vi ' @ IR drop at SW with nonlinear garnrma
| Voo ®Large DVO(IRrgp)  ® Large DVO
2 Rarop [ ) ® X 9 IR drop at the parastic resistance
atsw | (/| Constant %: Teveen ® Large area (two-stage DAC & HVDAC)
7‘\11_"7 Vi ® Slow (no slew-rate enhancement block)
— B s e GAr CHow  ® Large DVO (no Vos CAL block)
i &5 g
o | Ha|4 R df°lr3 “i mnarﬂsm Advantage of proposed RRE DAC
7V5‘”+‘ 8 psistance ® Nonlinear gamma
. Viwet| (@ Data dependent current source (DCS)
‘:zdsw ‘\ X 7 NWI Large ) IR drop Z( SW compensation with replica
T @ Vo © Low DVO
Ve ! Sonstant w . ® Small R drop at the parasitic resistance
— =] Vi small with spare AMP and R-share logic
Vwi=Ven Pl a R:J, Visouw=Vei+EVaen N TR © Small area (three-stage DAC&LVDAC)
= s _ @ Large DVO (conventional) ~ © Fast (slew-rate enhancement block)
Proposed 11b resistor-resistor-embedded DAC (RRE DAC) [GERNIIVCRos ) © Small DVO (Vos CAL block)
[ R [@Small IR drop @ Small IR drop [’ @ Small IR drop
v -
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H=1

20
]

=] =]
3b EMB-DAC AMP | 3b EMB-DAC AMP.

SP) Ver
Number of channels (@ Small IR drop Re
ame Desor> > 500 N —n- _ =
skt Vi Ve Vaw Vereg) WVipzal, Y Veroas=Ver-Veut2EVen
When SPA=1 spare amplifier drive reference line after 500" channel Re @ Small IR drop Re.

[33 2] #18-40| A H|QtEl 11b resistor-resistor-embedded DAC (RRE DAC)

#18-5 =F2 mobile OLED display& 10-bit source-driver IC2| channel &1} channel
¢ =8 MY HADVO)E sA0| E0|7] flet DAC #x=0 #tet O[Tt s

OLEDO|M = B2 source channel2 o chipOl EAHOF St7| IEO| channel HE S &
Ol ZHO| &23dlH, £3] DAC7t channel HXHOAM £ HFZS XX|stCh 7|E
segmented DACE global resistor-string0i| A 42t vy, Vi AFO|E in-channel sub-DAC}
MNEXMo=Z BZ2tSts AR E AMESHA| T sub-DAC HAE S EYSE transistor mismatch
7t 37150 channel 7t deviation of voltage output (DVO)7t 7{X|= trade-off7t E=X{t
Ct ESE 7|E clock-based sub-DACE &2 £ &7t =2|1, charge-modulation QM DAC
= HXN wEH SESHX| 2 current-source mismatchOfl 2IZSH0] device sizeS S 29|
=0[7| O{#8Ct= A7t JULE 2 ==20M= 0|E SiZSH7| I8l cross-point (XP) DAC

@} improved correlated double integration (I-CDI) 7|22 | QtStRALC

o

7|E QM-DACO|AM &= MEHEl binary-weighted current sourceE O &3l amplifier output2]
slopeE Pt=11, B X 9| full-scale current sourceZ reference capacitors #7Hst0] Lot
integration time (T & Mg 3tCt. WMakA output voltages MEHE currentQ| slopelt 178
2 Tol 522 ZFEE =, o FEE Tc 88 flet F7HHQl full-scale current source

7t 2ot MEHE|X] 242 current sourceS2 conversion MHO|AM AR E[X| &=Lt



=

TcE TtE= current?t output slopeE ZHEE current AFO|2] mismatchZt &7
output error2 LtEfLEE 2874 QUCEH

i
o

0| 7H5k7] RIsl MQtE XP-DACE MEHE|X| B2 current source”tA| E& X{ARE ot
Ct 23 coded| Qsff MEHEl currentE2 Vourg ASAIZ|E slope (Sou)2 BHE1, ME
EIX] %2 currentE2 BtCHE node (V))& SHEAIZ|& slope (Sy)& 34“°H:f. Comparator
= F MY Vourdt Wb BHLb= cross-pointE® AESHH, O] A|EOAM 5= integration2
SAlO| ZESICE MEkM output2 17ZEl integration timeO| OFL|E} & slopel| ACHA
QI 37|0f o8 ZHEI0, 2= binary-weighted current source?t Of conversionOFCE At
EICE O[3t internal division +2E &3l local current-source mismatchE Extatet
£ on, E3| coded| M2 output deviationO| 3+5F witoz LHMEX| Q4D

symmetric-centroid HENE FZESHA EICH

Mismatch 241 Z1} XP-DACE 7|& QM-DACECL} output variationd| CHet RIZH=T &
O, worst-case codeOf|A| 2f 28| %2 deviationg =Lk =20AM= Pelgrom's lawE
721222 O| mismatch ZAE transistor TAE A2 AT F2  current-source
transistor sizeg 2f 4H] ¢ = UA2MH, 7|E QM-DACOHAM EHaHH HEO| full-scale

= 7| W20 ZuM 22 DAC areaS ZCi sHiZHX|] &Y =+
UACtn HHBHCE ESH XP-DACS| output Vy2t Vi ALO|Q| internal division2 2 ZAHE|

7] W20 outputO| reference HPIE HOLIX| EOF monotonicity =220 = 72|50t

current sourceE K| AHgt

SHH cross-pointE AE5H= comparator?| propagation delay2 QI8 L St= erroret
source amplifier2| offset= H|H5t7| 23l improved correlated double integration (I-CDI)
71¥HE HMESIRILCE 7|& CDI= comparator®| cross-point detection errorg& samplingst
of 2™% = UX|E output amplifier®| offset7tX| HMAHSHK|= ZCL HMQHEl |-CDIE
7|E error-sampling IF 0| A AtE L= feedback capacitorE amplifier offset auto-zeroO||
T MALESIH, O|F I8 MUX StLEEH =Ipotet et HEO| 2 calibration circuit 91

O| comparator-induced error@ amplifier offsetS SA|0] 2L 4 QUACH

M|2HEl source-driver ICE 180-nm CMOS SE2E M &AL, 5-bit global R-DACRt
5-bit XP-DACE Z&5t0 10-bit grayscaleg T SHRLCE 30 kQ1F 30 pF2| panel load =
HOIM X2 1-H time 1.5 pys2 10-bit settling accuracyES THESIRICE I-CDIE HEdIH
1670 channel2| output dispersionO| Z7|& 2 27 mVO|A 3 mVE ZASIZoH, T
grayscaleO| M %[0 DVO 4.3 mvE FQotRACt Eoh FFE maximum DNLI INL2 2
Z} 0.36 LSBR} 1.02 LSBRA2O, £ZF channel size= 107.6 x 11.3 ym2E HM3IQUCt 0|
SOl HE 1-H scan time2 |AISHHA E2 channel area?t ¥2 DVOE &SA|0| &ES}
RLE.
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Proposed Cross-Point (XP) DAC
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