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Charge Pump PLL

down | CP LF VCO |—Fou

Paiv Divider
v  VCO (Week 2-3)

- Generates the actual clock used by the system

v" Charge Pump (Week 4)

- Adjusts the frequency control signal of the VCO by charging and discharging the
loop filter using the up and down signals of the PFD.

v PFD (Today)

- Compares the reference clock to the VCO clock to determine whether the charge
pump will charge or discharge the loop filter.
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Phase Frequency Detector
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v’ Phase detector can't detect frequency difference.

v Using PFD, both phase lead/lag conditions and frequency lead/lag
conditions can be calculated.
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TSPC D flip flop

Voo Voo Voo Vop Vop
1 s P P i
g T
| | Qe
11 71

v True single-phase clock DFF (Developed in the 80s’)
v" Using dynamic logic gate topology.
v" Widely used structure for high speed applications.

v" Detailed explanation
: B. Razavi, "TSPC Logic," /EEE Solid-State Circuits Magazine, Fall 2016
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TSPC DFF Schematic
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® ‘clk' node

v' use 'vpulse’

v Voltage 1
v' Voltage 2

v' Period =

0

1.8

1/clk

v' delay time = delay

v’ rise time

v' Fall time

v" Pulse width = 0.5/clk

High-Speed Circuits and Systems Lab., Yonsei University



T
-
s

'(.P\fdc=1,

B

Simulation Setup

. @ ‘rstn’ node
Sl mm o o o v use vpulse
L vaemp - A vie & AL N_gg. Vlesic-high=1.8
C—R_ RS u2=1. _9—)\; g v Voltage 1 = 1.8
o tr=Tp . Fr
N Rl LT
~ . T v Voltage 2 = 0
o 1D v" Period = 500m
BE| e
. B R v’ delay time = reset_start
- b _bﬁ - v’ rise time = 1p
: L
R v' Fall time = 1p
. v" Pulse width = 250m
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® 'D' node

I

v' use ‘rand_bit_stream

v’ tperiod = 1/clk
v seed = 1

v vlogic_high = 1.8
v vlogic_low = 0
v tdel = 1p

v trise = 1p

v tfall = 1p
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« Simulation condition setting

 check output node to plot

Simulation Condition

Choose analysis
Analysis : tran

transient sim. time = 5u

Design variable :

Q
clk

D
rstn

reset_start = 4u
clk = 100M
delay = 7.7777n

+ ADE L (7) - Week5_pre sim_PFD schematic O x
Launch Session Setup  Analyses  Yariables Outputs  Simulation Besults Tools Help céden ce
rec me T £y r
= =1RSCERr  N=N" =
_ _ Analyses ZEx] =
Design Yariahles AC
_ Type | Enahle| Arguments = |
I--_———-Pbme———k———-\.blw————-{- bl tran v 0 5u conseryative
1|1 reset_start Ay : = lE
1|z cik 100M 1 o
: 3 delay 7.7777n : o
i b ¢
[ I @
Qutputs 7|5 x|
N MamesSignal/Expr | Walue| Plot| Save| Sawe Options
1 WA tran (v WAVE | W =
E w /D tran (V) WAVE | W =
5 wfclk; tran (V) WAVE | W =
4 v /rstn; tran (V) wave | v | _

= Results in .eed/2020_2_hs_master/simulatior

Plot after simulation; (@uto n Flotting mode: Replace

36(80) | Save State ..

Status: Ready | T=27 C | Simulator: spectre | State: |
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Simulation result
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Simulation result

W v /D tran (V)

D

B v sclk; tran ()

clk

W /g tran (V)

0]

B v frstn; tran (V)

rstn rsth:1—-0
DFF reset

3.92 393 3.94 395 3.96 397 396 3.99 4.0 4.01 4,02 4,03
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Modified structure of TSPC for PFD

Reference

IE N v' Precharge type PFD

+—

¥ |
il
rm

v" Required MOS for sampler: 12 — 8

._:Q@ v" D + reset — set

v" Widely used for PFD design

-
B n ~ v Detailed explanation
o : Sungjoon Kim et al, "A 960-Mb/s/pin interface for skew-
l—{_ IR tolerant bus using low jitter PLL," /EEE Journal of Solid-State
Divider Circuits, May 1997
e L

.
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Modified TSPC DFF Schematic
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Simulation Setup

® ‘clk ref' node

é“ﬁéd%!@‘wm SEEREE v use Voulse’
B sy _
""" B oltage 1 =0

. v Voltage 2 =
B ge2 =138
Pﬁ‘up‘%

v’ delay time = delay_ref

v rise time = 1p

M s | v Fall time = 1p
SRR %

SR v Pulse width = 0.5/clk_ref
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Simulation Setup

® ‘clk div' node
v' use 'vpulse’
v Voltage 1 =0
v  Voltage 2 = 1.8
v' Period = 1/clk_div
v' delay time = delay_div
v rise time = 1p
v' Fall time = 1p

v" Pulse width = 0.5/clk_div

. Yonsei University



Simulation Setup

® 'nor_gate’

v" vlogic_high = 1.8
v vlogic_low = 0

v' vtrans = 0.9

v tdel = 1p

T

v trise = 1p

- - o
&
a
m
L8 L8
[a:] 1

v tfall = 1p

. d‘ow‘n B
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Simulation Condition

. . - - 1. ADE L (21) - WeekS_pre sim_PFD schematic - O *
* SImUIatlon Condltlon Settlng Launch Session Setup Analyses Yariables Outputs  Simulation Besults Tools Help cadence
— Choose analysis I 6] =7 e e @ @B
— Analysis : tran Design Varanies i ZEk =
i ) ) ——————a| Tdc‘l’ype | Enable|t Arguments =
— transient sim. time = 100n ify che_rer 100M B (o (000 consarvave M
. . i 2 clk_div 100M i = |;-"§‘
— Design variable : g 7ot 0 ] xﬂ
delay_div Th
— clk_ref = 100M e e : o
: [ )
— clk_div = 100M — 2540
- de|ay_ref =0n/1n iup Mame/Signal/Expr | Yalug | 20t| S_ave|a”§ave Optians E:
— delay_div=1n/0n gdowtn v a::v
g rese ¥ allv
 check output node to plot A C 2 [0 [
— clk_ref o ( I I
— "> Results in .eed/2020_2_hs_master/simi | Flot after simulation: ~M Flotting mode: Replace n

— clk_div =

'122(224)| Edit ariables .. | Status: Ready | T=27 C | Simulator: spectre | State: specire_statet Ji
— up

— down
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Simulation Condition

B X select Initial Condition Set@itsoc2

B ode Voltage 0,9

hd |n|t|a| Condition Valtage ade set

R 1 freset
R . Ci /net?
* NOdeS R ' fnets

~ SET=18 . :
- QB_ref1.8 _Apply  Delete ) _Help_
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Phase lead

B Sclk_ref

M olk_div
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M clk_ref

|
|
%

ik ref = 100M
Ik _div = 100M
lelay_ref
delay_div

0.0 2.0 4.0 &0 8.0 100 120 14.0 16.0 18.0 20,0 220 240 260 250 300 320
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Frequency lead

I sclk_ref

clk_ref
clk_div
delay_ref =
delay_div = Oh

1
L

0.0 10.0 20,0 300 40.0 S0.0 500 700 &0.0 20.0 100
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Frequency lag

M ol _ref 1.9

clk ref = 180M
clk_div = 105M

delay_ref = Op
0

delay. div = Oh

=

= 0.7

W0 10,0 200 30.0 40,0 0.0 B0 .0 &0.0 Q.0 a0
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Dead zone of PFD

Charge Pump 4
Current : +ip

o

o Ad

_IF

v" PFD cannot detect the phase difference in a certain area:
- Dead zone of PFD
v' Caused by finite rising/falling time of DFF output

v' The larger the dead zone, the worse the jiiter performance of the PLL.

23 High-Speed Circuits and Systems Lab., Yonsei University



Dead zone of PFD

v /clk_ref; tran (V)

W v clk_div; b

& 1.6945V

98967 7mV

10,0 10.2 10.4 0.5 2 5 o4 9.713 Q.&17 .03 1013 1023 10,534 10.44

< delay= 1n > < delay= 5p >

v" PFD output can’t rise to logic high.
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Connect to Charge Pump

High-Speed Circuits and Systems Lab., Yonsei University



Homework

v" Simulate Vcont with co-simulation of PFD and CP.

v Use charge pump cirucit made in 4" week.

v Loop filter for charge pump : 10p capacitor load
v" Initial Condition : Charge pump output (Vcont) = 0.9

v' Check for all conditions : Phase lead/lag, Frequency lead/lag

v' Deadline : 10/08(Thu) 19:00
» Upload pdf file to YSCEC
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