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Today’s Typical C-PHY Simulation Challenges

« Complicated transmitter and receiver modeling process including equalizations
» Need simple transmitter and receiver models

* No single platform solution but using multiple tools such as Verilog-A, meaning lots of
customization required

» Need just simple one platform solution without much customization

* Limited jitter analysis
» Need full support of RJ, PJ and DCD

« SPICE-alike simulations result in long simulation time and limit number of bits that can be
simulated

» Need channel simulation technology for faster simulation with millions of bits
* Non-triggered eye plot
» Need triggered eye plot to support MIPI C-PHY specification
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Today’s and New C-PHY Generic Model Architecture

« Dedicated C-PHY transmitter, receiver, and eye probe with triggered eye
« Supports both transient and channel simulation technologies

« Supports TX equalization and jitter models such as RJ, PJ, and clock DCD

CphyEye_Prob

= - =
@t:TRAN:SENT I |§_ﬁ| ChannelSim Triggered_Cphy_Eye

[Acc
ChannelSim Beo
ChannelSim1 Cooeea

NumberOfBits=10e6

TX model ToleranceMode=Auto
EnforcePassivity=yes TP3
Mode=Bit-by-bit
vos

TP1

Zos
Bit pattern sl rre TX driver’ MIPI Reference Channel
clk =

7 L

R/o! , NLT

Cpad_tx :l—{
Verilog-AMS R + switch model

SYM_MIPI_CPHY_CTLE Ideal
X2

T CTLE| _ [Jwenes,
C-PHY TX Iggc pole_freqi=2 GHz C-PHY RX
T

=C_in_shunt pF pole_freq2=10 GHz

CCCCC

Verilog-AMS Hsi c C lens
§112  Advanced Tx Equalization (TEQ Option) + half & full rate ran, l T ran
‘ c1 T TP2
H(."\:Ai]:%:"‘;' M ~ [Equive ] Tx_Cphy C=C_in_shunt pF SnP ;’LCF hy
! W sy ey x_Cphy1
d H ) TxCphy1 SnP1 _
SymbolRate=6 Gbps = RinA=50 Ohm
9213 RxEqualizaon (RAEQ Option) v =0 Ghe T L RinB=50 Ohm
Vector fil - - RinC=50 Ohm
C B ] Vi
= c3 VAR2
Cc=C hunt pF C_in_shunt=1.5

The block is not included for the generic model

To d ay Note: Courtesy of Qualcomm New
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ads_sources:Tx_Cphy Instance Name
“ﬁ(Cphyl |
PRES Waveform EQ Jittey Electrica Fimulator Display

latol
Electrical

Details on C-PHY Transmitter (TX)

» Tab organized special C-PHY source

ads_sources:Tx_Cphy Instan,
TxCphy1

PRES Waveform Ef

L] L

ads_sources: Tx_Cphy Instance Name

- PRBS : Maximal length LFSR, User defined LFSR, etc il =
[ Enale R Equalization

Waveform : Vhigh, Vmid, Vlow, rise/fall time, edge shape, etc

 Equalization : TXEQ P =
- Jitter : Random, periodic jitter and clock DCD (Duty Cycle Distortion) =™ = [ = == == > -
« Electrical : Rout per node and level Waveform%
 Simulator : Auto, Transient and Channel simulator Ea—

Riseti i
Overview of TX model - Verilog-A & switch model C-I I I I Tx eeeee ) a "
Low -> Mid peec ¥ | High -> Mid

‘ Clock { inject jitter] Voltage supply TP1 Mid -> High psec > | Mid ->Low ec -
Reset
— \ A Low -> High peec ¥ | High ->» Low psec 7
Tx

Hel
c -PHY Risetime Within EQ Sublevels 10 psec 2
E B Falltime Within EQ Sublevels 10 psec
Transit Reference [ 10% -90% ~]
CHsim C Edge Shape |LinearT rrrrr tion V|

i
Help

Delay of Node A l:l C hd

TX_ Cp h‘\- Delay of Node B l:l psec hd

TxCphy1 —

SymbolRate=6 Gbps

OK Apply Cancel Help
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Test Case: No TX _EQ

Triggered Non-Triggered

measure ment .2 CH_Out.Summary
E eningHeight 2010m
I%e;:%ppenin Wigth 1971 p

« TX Source s e
« Symbol rate = 3.5Gsps

CphyMaskViolated 0.0000
« Waveforms
»Vhigh = 425 mV
»Vmid = 212.5 mV
>»Viow=0V
> Rise time/Fall time = 25ps, symmetric Glor T GO o g

B A oo
He e
C Cocrt Con

C2
C=C_in_shunt pF

Eys Diagram
Eye Diagram

- Still enough margin... CPHYTX | C-PHY RX

A TP1 T —— TP2 .
Tx E RX
C-PHY C-PHY
x> S pat
fn © o
L -
. N Rx_Cphy
Tx_Cphy J Sn Rx_Cphy1
-!g);rcﬂps;:lalezsﬂ - Sne RinA=50 Ohm
L Standard Channel RinB=50 Ohm
c c RinC=50 Ohm
=] var
= VARS g = gac hunt pF
_ c=C hunt pF — =C_in_shuntp -
SRZ35 Sbps —n_shuntpl 2% | TRANSEENT I
Zin=0 Ohm Tran
ca Ry Trani
VAR StopTime=682/SR
VAR2 MaxTimeStep=5 psec

C_in_shunt=1.5
Note: Max speed 3.5Gsps for Standard Channel and 4.5Gsps for Short Channel
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Test Case: Adding TX_EQ

3.5GSPS, 60 Z_IN, STANDARD CHANNEL

Triggered Non-Triggered
measure ment .. CH_Out.Summary 04
E ingHeigh 205.0
EleCpanmaidin 271p

« TX Source A ten 3
« Symbol rate = 3.5Gsps

CphyMaskViolated 0.0000
« Waveforms
= Vhigh = 425 mV
= Vmid = 212.5 mV
= Vlow =0V 7 : 7

= Rise time/Fall time = 25ps, symmetric T"‘i”;H n_ou

o} =]
c2
C=C_in_shunt pF

Eye Diagram
Eye Diagram

« TX Equalization C-PHY TX 1 C-PHY RX

Enable Advanced TxEQ TP1 T — . TP2
P A oL A
CPHY CPHY
EQm1+ |1.75 IE: - e y: B YT
EQm1- [1.75 IE: M ewsim,” ¢ C [crem
Tran, Tran,
EQh1 [1.75 IE= - L T
Tx_Cphy j snP ;:_gp:y1
EQhO |35 | @ - TCphy1 I L snP1 RInA <50 Ohm
SymbolRate=SR L Standard Channel RinB=50 Ohm
EQl |1.I-"5 | dB b e . - o RIinC=50 Ohm
v ca
EQID |3'5 | di M wAns a = C=C_in_shunt pF s
SR=3.5 Gbps C=C_in_shunt pF _in_shunt p! 1 ’—— T -
ul =1/8R |F“ﬁ| TRANSIENT I ﬁlpﬂaannglj&]_m I
Zin=0 Ohm Tran
. Tran1
VAR StopTime=692/SR
VAR2 MaxTimeStep=5 psec
C_in_shunt=1.5
Note: Max speed 3.5Gsps for Standard Channel and 4.5Gsps for Short Channel
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Enough Margin for Even 4.5Gsps with TQ_EX Only?

« TX Source
« Symbol rate = 4.5Gsps
 Waveforms
= Vhigh = 425 mV
= Vmid = 212.5 mV
= Viow=0V

= Rise time/Fall time = 25ps, symmetric

« TX Equalization

Enable Advanced TREQ

IE:

| dB

IE=

| a8

| dB

EQmi+ |1.75
EQm1- [1.75
EQh1 [1.75
EQhO 3.5
EqQl1 [1.75
EQID 3.5

| a8

* Yes, it still provides good solution space
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Non-Triggered

Triggered

Eye Diagram

measurement ...Q..CH Qut Summary
EyeOpeningHeight 2040 m
EyeCpening'Width 1667 p
AveragelU|Duration 2222p
MaxJitterinUl 1544 m £
MinUI 8456 m 7
CphyM askV iolated 0.0000 =
%
c
c2

C=C_in_shunt pF

time, psec

CphyEye_Probe CphyEye_Probe CphyEye_Probe
TX_Out CH_Out CH_Out_Non_Triggered

e —- 1]

(o}

TP1 ’l‘ — . TP2

T A . Alm
C-PHY C.PHY
I e =YX
G c £ {Gisim

L N Rx_Cph
Tx_Cphy J snP x_Lphy
TxCphy1 L SnP1 Rx_Cphy1
SymbolRate=SR RinA=50 Ohm
v L Standard Channel RinB=50 Ohm

- RinC=50 Ohm

VAR

VAR3
SR=3.5 Gbps
Ul =1/8R
Zin=0 Ohm

VAR
VAR2
C_in_shunt=1.5

c1
C=C_in_shunt pF

3
C_in_shunt pF F‘fﬁ
TRANSIENT I

Tran

Tran1
StopTime=692/SR
MaxTimeStep=5 psec

Note: Max speed 3.5Gsps for Standard Channel and 4.5Gsps for Short Channel



RJ (Random Jitter) Impact on Eye Diagram

* 1.5ps RJ results in 6mV and 7.1ps eye
closure with 10,000 bits

« What about running with more bits?

eUID... N
itterinU| 4035 m

MinUI 9596 m
CphyMaskV. 0.0000

No RJ

$wTXEQ_CHsim..Density.CH_Out.Densit

- 1M bits results in significant eye closure, -} 1T e B r T noononn
19mV and 54.3ps smaller eye A aE || 25

 10M bits results in 20mV and 55.7ps « "l | [1L5ps Ry added
smaller eye 10,000 bits R RN RE AN RN R A RS

E gg'“ BB A R R
* Itis important to run with more bits to ) IRy
ensure the analysis accuracy
* In this case, 1M bits are good enough T4£0,3 g, 15 e i, 0t

1M bits
41‘_""|""|""|""|""|"" <2m|n

100 200 300 400 500 600

10M bits
" < 13min

[=:]

=

i

2
SwTXEQ_1_SpsRJ_10M..Density. CH_Out.Density
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Channel Simulation Technology

MILLIONS BITS IN MINUTES NOT DAYS!

 Channel Simulation

» The impulse response is calculated using a short, traditional transient simulation on the channel, Tx, Rx, and

analog *.ibs model files

* Bit-by-Bit mode performs superposition on an explicit bit pattern

- Statistical mode applies statistical techniques to the stochastic properties of conceptually infinite non-repeating bit
pattern, not the bit pattern itself (C-PHY only support Bit-by-Bit mode)

Impulse Response

Superposition

= J
2 024
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Inherently capturing the worst-case eye at any desired BER!



u
ads_sources:Tx_Cphy Instance Name
[TxCphy1
PRES  Wavefom EQ  Jitter  Electrical  Smulator  Display

Enable Random Jitter

CLOCK DCD AND PERIODIC JITTER o o

RJrmsA (RJrms of Node A)

RJrmsB (RIrms of Node B)

iigSH
[
4

RJrmsC (RJrms of Node C)

* Periodic Jitter

Plamp (P1 Amplitude)

»10ps 100MHz PJ results in 30mV, 4.3ps eye closure —

wave (F wave shape) [ Sinusoid -
* Clock DCD (Duty Cycle Distortion) Jitter
»0.1 DCD results in OmV and 28.5ps eye closure _

Apply Cancel Help

Enable Periodic Jitter

Plamp (P Amplitude) psec hd
PIfreq (P1 Frequency) MHz hd

PIwave (P] wave shape) | Sinusoid] v

Enable Clock DCD

Clock DD (L) o1 | '

TXEQ, 3.5bps, 0.1DCD Eye Diagram

TXEQ. 3.5bps. Eye Diagram TXEQ, 3.5bps, 10ps P.J Eye Diagram

D4
measurement | ..utSummary D measurement | ...ut. Summary AL 1 measurement | ..utSummary
EyeOpening... 2220m EyeDpening.. 2200m EyeOpening... 2220m
EyeOpening... 2M14p Eyelpening.. 2671p EyeOpening.. 2429p
| AverageUID... 2857 p AverageUlD... 2857 p ! AverageUlD 2857 p
MaxlitterinUl 4035m MaxJitterinUI 4758 m MaxlJitterlnl 140.9m
MinUI 959.6 m MinUI 9524 m MinUI 859.1m
CphyMaskV. 0.0000 CphyMaskV ... 0.0000 CphyMaskV . 00000

SwTXEQ_CHsim. Density CH_Out Density
$wTXEC_10psPJ.. Density.CH_Out Density

B B R e
o 100 200 300 400 500 60D

o 100 200 00 400 500 800

Db
o 100 200 300 400 500 600

$wTXEQ_0_1DCD.Density. CH_Out.Density

time, psec

time, psec

time. psec
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C-PHY RX (Receiver
C-PHY RX

= =

« RX with Equalization. e r— .

@) Preset (O Custom

TO

Agewpi Wpp s+ w, Fx_Cphy

w, (s + wp )(5 + wpy) R?{_Cph}r‘l
RinA=50 Chm
Preset List |MIPI C-PHY Short Ch. (Polel 2.8G) Informative ~ | Add to Preset Remove from Preset R] n E:Eﬂ Dh m

RinC=50 Ohm

H(s) =

Transfer Function Type |2 Pole, 1 Zero h

0C Gan AC Gan

Zero 1Frequency 1.4 GHz ¥ | Zero 2 Frequency GHz ~

Pole 1Frequency GHz ~ Pole 2 Frequency GHz | Pole 3 Frequency GHz ~

Pole 4 Frequency GHz ~

Message

@ LogScale (O Linear Scale

Frequency Response
L » 20 4 s T
11 i § o it BN EEEE
L i g 3 ¢ \ oo
A i & 20— " 1
P . [ @ E o ! : o
3—10 . © 0 . N
= ] H ] ’\\
g b \ B 60 N
-15 N o e M
] \ -80
-20 2 -100 -
T 1 u | | z T T — T T T
1 10 100 1 10 100
Frequency GHz Frequency GHz
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Implementing CTLE Equalization

 CTLE C-PHY Transfer function Apc is the DC gain.
A n mp; = 2nfp; fp1 1s the first pole frequency
ey w ST+w . :
H ( S) — D P1¥P2 Z Op2 = 27tfp; fp, is the second pole frequency
Wz (5+(UP1)(5+ sz) wz = 2ut; f7 1s the zero frequency
gggg_PZR DS $Tapc Al
. = 7freq=10.00MHz fol
Poles=Pole_list . 4—dB($CTLE_AC.Vout/$CTLE_AC..Vin)=3 214E-4 2
Zeros=Zero_list O i &
Scale=scale_factor <| 2|
¥y
Num= - 9
um=5 Num=6 P
= Itz
- - 8 -2—freq=1.000GHz
r = _|dB(SCTLE AC| Vout/$CTLE_AC..Vin)=1.998
= = 4 P
S req=2.000GH:
| 1dB($CTLE, AC, Vout/$CTLE_AG..Vin)=3.809
W 6—
— fo2
= —freq=10.00GHz
5%2} -8—|dB($CTLE  AC..Vout/$CTLE AC..Vin)=2.883
VAR VAR VAR “&’ i
VAR1 VAR5 VAR4 S 10
Pole_list=list(wz,wp1,0,wp2,0) ADC=ADC_val fp1=pole_freq1 \ | | |
scale_factor=1 wp1=2*pi*fp1 fp2=pole_freq2 1E6 1E7 1E8 1E9 1E10 SE10
Zero_list=listtADC*wp1*wp2,wz,0) wp2=2*pi*fp2 fz=zero_freq
wz=2*pi*fz freq, Hz
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CTLE Validation Test —

6GSPS WITH STANDARD CHANNEL

Sdata_CH_Out Mask
S$data.Density CH_Out Density

Al Al
 Poles and zeros
na zer c :
- jd
[=1] o
b b
« fz=1 GHz, fpl = 3GHz, fp2 = 9.95GH F f
Z — Z, S Z, . . Z L -0o0s LS
w w
015
« ADC setto 1 :
Triggered 25 e e e e e B L B R ES
4ps 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 380
fi time, psec time, psec
« Cpad_tx = 1pF :
p X E CphyEye_Probe
?5' CH_Out CH_Out Non_Triggered
z
* Cpad_rx =0.1pF ;
p rX —p . T
i & AN T T T Note: fp2 is pole1 frequency
time, psec VAR
¢ Standard Chan nel -fp\ﬁizg ;:’M_m\3\_C:H\’_CTLE_I[\EGI
i ADC_val=1
C-PHY TX L e, C-PHY RX
le_freq1=fp2 GHz
= TP1 P2 Pole_freq2=9.95 G
= pole_freq.=3. z
» Eye width - 7 oy
C-PHY C-PHY
I e : S IX
. T d = 120.8ps, Non-t d=1175 - -
riggered = .8ps, Non-triggered = 117.5ps o o | - . c
} - Rx_Cphy
Ty NN J, b1 L L J, R Cphyt
measurement $data. CH_Out Summary measurement __on_Triggered. Summary SymbolRate=SR Gbps. c Channel c g‘"ﬁ:ggg:m
InS=. m
EyeQpeningHeight 147.0m EyeOpeningHeight 149.0m = VAR I I I c1 I I I c4 RinC=50 Chm
EyeOpeningWidth 1208 p EyeOpeningWidth 175p \,m:, - - L C=Cpad_txpF - - L C=Cpad_rxpF
AverageUIDuration 166.7 p AverageUIDuration 166.7 p SR=6 o c c c
MaxJitterlnUl 184.9m MaxJitterinUl 1849 m Zin=60 Ohm c2? c3 c5 c6
‘Minul 8151m MinUl 815.1m C=Cpad_txpF C=Cpad bxpF C=Cpad_mpF C=Cpad rxpF
CphyMaskViolated 0.0000 CphyMaskViolated 0.0000 VAR - pad_kp! - pac_rxp
VAR2
Cpad_tx=1 - —
Gpad =01 F:ﬁ‘jjmggm ] |§‘g§| Channeisim |
ChannelSim
ChannelSim1
NumberOfBits=10000
ToleranceMode=Auto
EnforcePassivity=yes
Mode=Fit-by-bit
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Open Eye Study

Target Eye Mask
« w/o clock jitter: EW=0.65Ul EH=+/-40mV
« w/ clock jitter: EW=0.5Ul EH=+/-40mV

CphyEye_Probe CphyEye_Probe
CH_Out CH_Out_Non_Triggered

Cpad_tx =1~ 2.5pF e == Cpad_rx =0.1 & 1pF

00

0

VAR
-\ARd . o
fp2=55 }(: M_MIPI_CPHY_CTLE Ideal
ADC_val=1 C'P HY RX
z zero_freq=1 GHz
pole_freq1=fp2 GHz
P2 f pole_freq2=9.95 GHz

si § i
J’ - J’ Rx_Cpt

Tx_Cphy Snp x_Cphy

TCphyl L SnP1 £ Rx_Cphy1

~L ~ ~L
- RinA=50 Ohm
SymbolRate=SR I I E 1 Channel I I ga RinB=50 Ohm
e il A4 C=Cpad_ixpF i i C=Cpad repr T nCE0 Ohm
SR=6 Gbps c c
Zin=60 Ohm co g3 c5 COS
VAR C=Cpad_txpF C=Cpad_txpF C=Cpad_rxpF C=Cpad_rxpF
WARZ
Cpad_tx=1
Cpad_ne0.1 —— . EEERE
| ﬂi';l BATCH SIMULATION l | ‘%ﬁjj@f\awg@m I ‘ ) | TRANSIENT |
BatchSimController Tran
BatchSim1 Trani
Var= Start=1.0 Stop=10.0 Step=1.0 Lin= StopTime=692/SR
UseSweepPlan=no MaxTimeStep=5 psec

Analysis[1[="Tran1"

UseSweepModule=yes
SweepModule="CSV_List"
SweepArgument="Cpad_tx_n_rx fp2 2 Scsv"
UseSeparateProcess=yes
MergeDatasets=yes

RemoveDatasets=yes
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3 Channels for Tests

3 CHANNELS S-PARAMETER DATA

« Short channel is driven by 8Gsps signal
« Standard channel is driven by 6Gsps signal

* Long channel is driven by 4Gsps signal

Short Channel Standard Channel Long Channel
% Nl na=ttl it ~C
b \ m, \ A Zu_ A
3 /./\% W o] \/\gf\;f\\ Bosa M \F\\Uhnf o n \AL W\\ ,.Q\If\'\\v?“
s : VRO i/ W RNV
AN g ARy ey S A
- q 0

EEEEEEEEEEEE



Batch Simulation

RUN FASTER AND EASIER FOR ALL COMBINATIONS

» Total 36 cases for short, standard, and 96 cases for long channels

« Short Channel case
* Cpad _tx: 0.5~ 1.5 pF, 0.5pF step size
* Cpad_rx : 2 cases 0.5pF and 1pF
* Polel frequency : 2.8,3.1,3.4,3.6,3.9, and 4.2
* Pole2 frequency : 14GHz
« Zero frequency : 1.4GHz

« Simple batch simulation setup
« .csv file for the list of combinations

D e

Shor_Channel
SR=8 Gbps
f==1.4

fpi1=2.8
fp2=14

Vhigh : 425mV
Zin : 60ohm

Rise/fall time : Ops

Signal transition : 0-100%

/| BATCH SIMULATION I gl | Chamnelsim
BatchSim Contrdler ChannelSim
BatchSim 1 ChannelSim1

“ar= Start=1.0 Stop=10.0 Step=1.0 Lin=

sweep_list="Cpad_t« n_rd fp1_for_shortch_tabledS.cev® seSweepPlan=no

KEYSIGHT
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Analysig1]="ChannelSim 1"
UseSweepM odule=yes
SweepModule="C5\/_Lisf"
Sweepirgument=sweep_list
UseSeparateP ocess=yes
MergeDatasetzs=yes
Remoelatasets=yes

NumberOBits=10000
TolermnceMode=Auto
E nforcePassivty=yes
Mode=Bit-by-bit

Excel .csv format

00 = h LR e W RS =

L e O I O I O T s I I R e T
b = R T e TR R S R == T = B = R = T D S R L R == Y = B R = B B S

A

B

C

Cpad tx Cpad rx fpl

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

e R e R R R =

[l ol ol Ll ol Kol ol ol el Dol ol o
Lh Ln Lh Lh LnLh LnoLnoLnoLnLnoLn =

0.5
0.5
0.5
0.5

R = = i

2.8
3.1
3.4
3.6
3.9
4.2
2.8
3.1
3.4
3.6
3.9
4.2
2.8
3.1
3.4
3.6
3.9
4.2
2.8
3.1
3.4
3.6
3.9
4.2
2.8
3.1
3.4
3.6
3.9
4.2
2.8
3.1
3.4
3.6
3.9
4.2



Short Channel Case

= 14GHZ, 8GBPS

ZERO =

1.4GHZ, POLE?2

* Without clock DCD

Cpad_tx Cpad_rx pole1 polei/zero
...1a..Cpad_t{ldx] ...ta..Cpad_rx[ldx] ...chData..fp1[ldx] Rzp1
0.500 1.000 2.800 2.000
Eye Height
0.9
ADS a ..Summary[ldx,0]
i 154.0 m
08
] Eye Width
- i
= i Batc _.Summanry[ldx,1]
@
& %7 89.38 p
o i
w J
. V' Eye Opening in U
0.6—|
. Batch ...eOpeningUI_ldx
. batchNumber=7
-+ |EyeOpeningUl=0.715 0.715
05 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 5 10 15 20 25 30 35 40
batchNumber
KEYSIGHT
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Eye Diagram

Triggered

Triggered

measurement

..t.Summary[ldx,::]

EyeOpeningHeight
EyeOpeningWidth
AverageUlDuration
MaxJitterinU|
MinUlI
CphyMaskViolated

154.0 m
89.38 p
125.0 p
189.5 m
810.5 m
0.0000

80 100 120 140 160 180 200 220 240 260

time, psec




Short Channel Case

= 14GHZ, 8GBPS

ZERO =

1.4GHZ, POLE?2

* Without clock DCD

Cpad_tx Cpad_rx pole1 polei/zero
...1a..Cpad_t{ldx] ...ta..Cpad_rx[ldx] ...chData..fp1[ldx] Rzp1
0.500 1.000 2.800 2.000
Eye Height
wos 0] ...Summary{ldx,0]
] CTLE fp1 Cpad_rx 154.0m
08— / 0.5pF
- Cpad_rx | eoo width
2 ] l 1pF
= i .Summary[ldx,1]
@
o |
w J ¥ \ ..
- Eye Opening in U
06—
. Batch i
i bt hNumber=7 Cpad_tx ...eOpeningUI_ldx
-+ |EyeOpeningUl=0.715 0.715
05 T TTT | T TT | T TTT | T TT | L | T T TT | L | T T 1T
0 5 10 15 20 25 30 35 40
batchNumber
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Eye Diagram

Triggered

Triggered

0

I I [y I I Y I B O B
20 40 60 80 100 120 140 160 180 200 220 240 260

time, psec

measurement

..t.Summary[ldx,::]

EyeOpeningHeight
EyeOpeningWidth
AverageUlDuration
MaxJitterinU|
MinUlI
CphyMaskViolated

154.0 m
89.38 p
125.0 p
189.5 m
810.5 m
0.0000

Good solution space..




Short Channel Case

ZERO

= 1.4GHZ, POLEZ2

14GHZ, 8GBPS

e With 0.1 clock DCD

Cpad_tx Cpad_rx pole1 pole1/zero
..1a..Cpad_tx[ldx] ...ta..Cpad_rx[ldx] ...chData. .fp1[ldx] Rzp1
0.500 1.000 2.800 2.000
Eye Height
0.9
Al - ...Summ ary[ldx, 0]
i 154.0 m
08—
] Eye Width
o |
E ] ..Summ ary[ldx, 1]
@
o %' 78.75p
o i
w |
- Eye Openingin U
06—
-4 |Batch ...eOpeningUl_ldx
. batchNumber=7 =
. EyeOpeningUl=0.630 0.630
e I L L LA IR R
0 5 10 15 20 25 35 40
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batchNumber

Eye Diagram

Triggered

LA L L B A L L L L L L
0 20 40 60 80 100 120 140 160 180 200 220 240 260

time, psec

Triggered

measurement

..t.Summary[ldx,::]

EyeOpeningHeight
EyeOpeningWidth
AverageUlDuration
MaxJitterinUI
MinUl
CphyMaskViolated

154.0 m
78.75 p
125.0 p
284.6 m
715.4 m
0.0000

Good solution space..




Standard Channel Case

ZERO =

1GHZ, POLE?2

* Without clock DCD

Eye Opening

10GHZ, 6GBPS

Cpad_tx Cpad_rx pole1 pole1/zero
..fa..Cpad_tx[ldx] ...ta..Cpad_rx[ldx] ...chData..fp1[ldx] Rzp1
0.500 1.000 2.000 2.000
Eye Height
09
- ..Summ ary[ldx,0]
i 107.0m
08
i Eye Width
] ..Summ ary[ldx, 1]
0.7 Bat 13.3p
y o~
- Eye Opening in U
0.6
- |Batch ...e0OpeningUIl_Idx
. batchNumber=7 =
. EyeOpeningUI=0.680 0.680
05 T T TT | T T TT | T T 1T | T T TT | T T TT | T T TT | T T TT | T T
D 5 10 15 20 25 30 35 40
batchNumber
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Eye Diagram

Triggered

Triggered

0 50 100 150 200 250 300

time, psec

350

measurement

LSummary[ldx,:]

EyeOpeningHeight
EyeOpeningWidth
AverageUIDuration
MaxJitterinUl
MinUlI
CphyMaskViolated

107.0m
1133 p
166.7 p
180.5m
827.4m
0.0000

Good solution space..




Eye Opening (Ul) per Cpad_tx Value

o Zero: 1.4GHz, Pole 1: 3.4GHz, Pole 2: 14GHz

Cpad_rx = 0.5pF Cpad_mx = 1pF
0.90 __ 090
A0S EOS
0.85— 0.85—
0.80— 0.80—
% 0.75— \ % 0757
= 0704 = 070—
3, =
ar 0.65— ar 065—
0.60— 0.60—
0.55— 0.55—
0.50 T T T T | T T T T | T T T T | T T T T 0.50 T T T | T T T | T T T T | T T T T
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Cpad_tx in pF Cpad_tx in pF
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Eye Opening (Ul) per Cpad_tx Value

o Zero: 1.4GHz, Pole 1: 3.4GHz, Pole 2: 14GHz

Cpad_mx = 0.5pF Cpad_mx = 1pF
090 . 090
0.85— 0.85—
0.80— 0.80—
% 0.75— % 0.75
< 070 < 070
2 =
ar 0.65— ir 065—
0.60— 0.60—
0.55— 055
0.50 T T T | T T T T | T T T T | T T T 0.50 T T T T | T T T T | T T T T |
0.0 0.5 1.0 15 20 0.0 0.5 1.0 1.5
Cpad_tx in pF Cpad_txin pF
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Eye Opening (Ul) per Cpad_tx Value

 Zero: 1GHz, Pole 1: 2.4GHz, Pole 2: 10GHz

Cpad_rx = 0.5pF Cpad_rx = 1pF
0.90 0.90
A0S AN
0.85— 085
0.80— 0.80—
- -
E 015 .\._ ﬁ N
=< 070 =< 070
e g e
gy 0.65— a5 065
0.60— 0.60—]
0.55— 055
DEU T T T T | T T T T | T T T T | T T T T 0-50 T T T T | T T T T | T T
0.0 05 1.0 1.5 20 0.0 05 1.0

Cpad_txin pF Cpad_tx in pF
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Impedance Discontinuity Study

« 700hm stripline + 1000hm microstrip

mi
ADS Df m 1 sns D
Al - 2] freq=3.000GH ]
Stripline Ustrip 2_ drg?ch;)"f‘%:is e 0
(70Q) (100Q) T8 o dB(STca)1.:[--8.008| | ciod -
Sos§ dB(ST ca)2.}=-7.986] | a2y
Case 1 (12.57) 0” 12.5” S0 0o g:g:g:e'
a8y )
SEIT 0O S
Case 2 (127) 6” 6” TR £8g°
Case 3 (12) 127 0" "
o 3 ; ]
freq, GHz
« 1000hm stripline + 700hm microstrip
m1
e 07 7 e O
Toll i 2] freq=3,000GH j
| e (00 : TR .
(100Q) (70Q) T ] dB(ST ca)[1.[5-7.899| | cicad
B B ” SEE dB(STcall2, J=-7.802| | S, Ths
Case 1 (12.57) 0 12.5 5882 o Sl B
2eg8 Bl ;
Case 2 (12.5") 6.5" 6” 2428 o] :
4] B0 3 !
Case 3 (13”) 13” 0” 1‘6‘ . -
o A o AR L
freq, GHz freq, GHz
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Results

GOOD MARGIN

CTLE: ADC=1, zero = 1GHz, polel = 3GHz, pole2=9.95GHz,

= _ _ Cpad_tx: 2pF
« 700hm stripline + 1000hm microstrip
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Eye Diagram
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Summary

« With TX_EQ and CTLE RX equalizations, it is demonstrated that there is enough solution space
for different channel configurations, including impedance mismatch from the channel

» The channel simulation technology empower C-PHY designers to evaluate the designs with
millions of bits in minutes

 New ADS modeling and simulation environment provides an easier, faster, and complete solution
for C-PHY design exploration
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