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• 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

H I G H L I G H T S
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• 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

S I M P L E R  A N D  E A S I E R

Note: Courtesy of QualcommToday New
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C O M P L E T E  C - P H Y S I G N A L  S O U R C E

• Tab organized special C-PHY source

• PRBS : Maximal length LFSR, User defined LFSR, etc

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

• Equalization : TxEQ

• Jitter : Random, periodic jitter and clock DCD (Duty Cycle Distortion)

• Electrical : Rout per node and level

• Simulator : Auto, Transient and Channel simulator

Jitter

Waveforms

Equalization

Electrical
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3 . 5 G S P S ,  6 0  Z _ I N ,  S TA N D A R D  C H A N E L L

Triggered Non-Triggered

• TX Source

• Symbol rate = 3.5Gsps

• Waveforms
➢Vhigh = 425 mV

➢Vmid = 212.5 mV

➢Vlow = 0 V

➢Rise time/Fall time = 25ps, symmetric

• Still enough margin…
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3 . 5 G S P S ,  6 0  Z _ I N ,  S TA N D A R D  C H A N N E L

Triggered Non-Triggered

• TX Source

• Symbol rate = 3.5Gsps

• Waveforms
▪ Vhigh = 425 mV

▪ Vmid = 212.5 mV

▪ Vlow = 0 V

▪ Rise time/Fall time = 25ps, symmetric

• TX Equalization
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4 . 5 G S P S ,  6 0  Z _ I N ,  S TA N D A R D  C H A N N E L

Triggered Non-Triggered

• TX Source

• Symbol rate = 4.5Gsps

• Waveforms
▪ Vhigh = 425 mV

▪ Vmid = 212.5 mV

▪ Vlow = 0 V

▪ Rise time/Fall time = 25ps, symmetric

• TX Equalization

• Yes, it still provides good solution space
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• 1.5ps RJ results in 6mV and 7.1ps eye 

closure with 10,000 bits

• What about running with more bits?

• 1M bits results in significant eye closure, 

19mV and 54.3ps smaller eye

• 10M bits results in 20mV and 55.7ps 

smaller eye

• It is important to run with more bits to 

ensure the analysis accuracy 

• In this case, 1M bits are good enough

H O W  M A N Y  B I T S  A R E  E N O U G H  F O R  R J ?

No RJ

10,000 bits

1.5ps RJ added

1M bits

<2min 
10M bits

< 13min
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• 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)

M I L L I O N S  B I T S  I N  M I N U T E S  N O T  D AY S !

ISI

Impulse Response Superposition

Inherently capturing the worst-case eye at any desired BER!
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• Periodic Jitter

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

• Clock DCD (Duty Cycle Distortion) Jitter

➢0.1 DCD results in 0mV and 28.5ps eye closure

C L O C K  D C D  A N D  P E R I O D I C  J I T T E R
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• RX with Equalization.
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• CTLE C-PHY Transfer function

B Y  S I M P L E  T R A N S F E R  F U N C T I O N  S O L U T I O N
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6 G S P S  W I T H  S TA N D A R D  C H A N N E L

• Poles and zeros

• fz = 1 GHz, fp1 = 3GHz, fp2 = 9.95GHz

• ADC set to 1

• Cpad_tx = 1pF

• Cpad_rx = 0.1pF

• Standard channel

• Eye width

• Triggered = 120.8ps, Non-triggered = 117.5ps
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C PA D _ T X A N D  C PA D _ R X W I T H  C T L E

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

Target Eye Mask

• w/o clock jitter: EW=0.65UI EH=+/-40mV

• w/ clock jitter: EW=0.5UI EH=+/-40mV
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• Short channel is driven by 8Gsps signal

• Standard channel is driven by 6Gsps signal

• Long channel is driven by 4Gsps signal

3  C H A N N E L S  S - PA R A M E T E R  D ATA

Short Channel Standard Channel Long Channel
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• 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

• Pole1 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 

R U N  FA S T E R  A N D  E A S I E R  F O R  A L L  C O M B I N AT I O N S

Excel .csv format

Vhigh : 425mV

Zin : 60ohm

Rise/fall time : 0ps

Signal transition : 0-100%
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• Without clock DCD

Z E R O  =  1 . 4 G H Z ,  P O L E 2  =  1 4 G H Z ,  8 G B P S  
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• Without clock DCD

Z E R O  =  1 . 4 G H Z ,  P O L E 2  =  1 4 G H Z ,  8 G B P S  

Cpad_rx

0.5pF Cpad_rx

1pF 

CTLE fp1

Good solution space.. Cpad_tx
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• With 0.1 clock DCD

Z E R O  =  1 . 4 G H Z ,  P O L E 2  =  1 4 G H Z ,  8 G B P S  

Good solution space.. 
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• Without clock DCD

Z E R O  =  1 G H Z ,  P O L E 2  =  1 0 G H Z ,  6 G B P S  

Good solution space.. 
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• Zero: 1.4GHz, Pole 1: 3.4GHz, Pole 2: 14GHz

S H O R T  C H A N N E L ,  8 G S P S  W / O  C L O C K  D C D  J I T T E R
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• Zero: 1.4GHz, Pole 1: 3.4GHz, Pole 2: 14GHz

S H O R T  C H A N N E L ,  8 G S P S  W  0 . 1  C L O C K  D C D  J I T T E R
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• Zero: 1GHz, Pole 1: 2.4GHz, Pole 2: 10GHz

S TA N D A R D  C H A N N E L ,  6 G S P S  W / O  C L O C K  D C D  J I T T E R
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• 70ohm stripline + 100ohm microstrip

• 100ohm stripline + 70ohm microstrip

Stripline 

(70Ω)

Ustrip

(100Ω)

Case 1 (12.5”) 0” 12.5”

Case 2 (12”) 6” 6”

Case 3 (12”) 12” 0”

Stripline 

(100Ω)

Ustrip

(70Ω)

Case 1 (12.5”) 0” 12.5”

Case 2 (12.5”) 6.5” 6”

Case 3 (13”) 13” 0”
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• 70ohm stripline + 100ohm microstrip

• 100ohm stripline + 70ohm microstrip

G O O D  M A R G I N  

CTLE: ADC=1, zero = 1GHz, pole1 = 3GHz, pole2=9.95GHz, 

Cpad_tx: 2pF

0 , 12.5in 6, 6in 12, 0in

0 , 12.5in 6.5, 6in 13, 0in
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• 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




