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Abstract

Verilog-HDL-based modeling can be performed to confirm the fast operation characteristics after setting the
design parameters of each block considering the stability of the system by performing linear phase-domain
modeling on the phase-locked loop. This paper proposed Verilog-HDL modeling including DCO noise and DTC
nonlinear characteristic. After completing the modeling, the time-domain transient simulation can be performed to
check the feasibility and the functionality of the proposed PLL system, then the phase noise result from the system
design based on the functional model can be verified comparing with the ideal phase noise graph. As a result of
the comparison of simulation time (6 us), the Verilog-HDL-based modeling method (1.43 second) showed 484 times
faster than the analog transistor level design (692 second) implemented by TSMC 0.18-xm.
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Fig. 1. TDC based digital PLL.
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Fig. 6. Bode plot of loop transfer function.
J2 6. Loop HEE2| Bode M=

2. Verilog-HDL 7|§t9] 52 2@

Linear phase-domain RS Fal AlAE uj7iH
= 7H9 IAE Aosl YA time-domain F o)A
ot 58 ¢ FAEEES gRlsk] sl Verilog-HDL

(579)



Introduction to System Modeling and Verification of Digital Phase-Locked Loop 57

7189 function REHS P
7

A % %
olug TN 7 BF 7F A% e G LA
o

OF= Verilog functional viewqto 2% Hdgo] tji
£ 7Fssitt. ot square root ¥ 52 8] Y
S|4+ SystemVerilog 22 Verilog-AMS FEjQ] 24
o] Agd 4= St

uP
F,.fo—>{ DTC [—» Perr Sync &
PFD TDC DLF [ Dithering p—o Fout
I 3 F DN

t 7

1/N

A\ A
QE
cal. le—— g, j—,
FCW

Fig. 7. Practical Fractional-N digital PLL.

a8 7. 4852 E+EFY OXE PLL

J% 72 time-domain 99| B4 ERIsH] 9
S FAH R Rt B UAE PLL £5 to]
o]13o]c}. Delta-sigma modulator(DSM)E 53l &
TETHIE AP HH, oid WXTE AMSEe R
HPSH= quantization error(QE)= digital-to-time
converter(DTC)E &dll TDC Y & TolA AAH
tt. 3712 DTCE AH8sH] {oiAl= DTC gain E7F
=7} dasitH7]l. s oRflole 1™ 79 "AE
PLLE Fdot= 8 E59] tigl Verilog 2@ &7H
Sttt DSM#F DTC gain 7 3|2 9 DCO dithering
32= AA| gate-level2 §H4do] 7Fs3t Verilog-HDL
7I8te] RTL AAlelH ymMA] HE E552 Ul
real S ARESH= REo] Hoh

7}. DTC

DTCE YdE=E fdAE I uet =g
FE st AAA7I= AlZDol HlFEste] AT A AS
St ES5olrt. HAgS 9of Q3 wpfHs=
S E, HAE F=Fo] 0¥ W A A== intrinsic A
AARZE, a3 vAEAES UERY7] et HE vjAY
ZJ(INL) #rol Stk £ =04 DTC HlA382 =&
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‘timescale 1ps/1fs

module DTC (CKREF, CODE, CKDTC );
parameter real DELAY RES = 5; //ps
parameter real INL_MAX_LSB = 2;

input CKREF;
input [9:0] CODE;
output reg CKDTC;

10: real delay;
11: real delay_min = 1000; // 1ns
12: real INL_at CODE;

14: always @(CODE) begin
15: delay = delay_min + DELAY_RES*CODE;
16: INL_at_CODE =
INL_MAX_LSB * (1-(CODE/511.5-1)"*2):
17: delay = delay + DELAY_RES*INL_at_CODE;
18: end
19:
20: always @(CKREF) begin
21: if(CKREF)
22:  #(delay) CKDTC <{= CKREF;
231 else
24:  #(100) CKDTC (= CKREF: // falling edge
25: end
26: endmodule

. TDC
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o 9 YA IS BAlo @7] H@l TDC & doll

phase-frequency detector(PFD)& AR&sh= Zlo| &
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HAos mdgE sl AA A4 EH2
6bit HAE FE2 FAR}E
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£¢¥ 7|& 1MHz offsetol|A -100dB/Hz9] S-S
7S o1al ol F+&sH] Yol sqri( ) T AR
o] "HQ3slo] Verilog-AMS FHY ZE& ARSI

1: ‘timescale 1ns/1fs

2: ‘include “constants.vams’
3: ‘include “disciplines.vams”

4: module DCO (DCTRL, FOUT);
5: parameter real fo=2336e6;

6: parameter real Kdco=500e3;

7: parameter real PN_EN=1;

8: parameter real PN_1MHz=-100;
9: parameter real ftarget=2400e6;

11: input [7:0] DCTRL;
12: output FOUT;

14: real delta_freq;
15: real fout;

16: real period;
17: real seed;

19: reg clk:

20: initial begin

210 clk=0;

22:  delta_freq=Kdco*DCTRL;
23 fout=fo+delta_freq;

24:  period=(1/fout)*1e9;

25: seed=1;
26: end
27:

28: always@(*) begin

29:  delta_freq=Kdco*DCTRL;
30:  fout=fo+delta_freq;

311  period=(1/fout)*1e9;

32: end

34: real rms_jitter_time=
(1e6/ftarget)*sqrt (pow(10, PN_1MHz/10)
/ftarget);
// Wander noise (absolute jitter) @ 1MHz
offset

35: real noise;

37: always begin
38:  noise=

(rms_jitter_time*$dist_normal(seed,0,1el

0) ;
39:  #(period+noise)/2 ) clk=~clk;
40: end

41:
42: assign FOUT=clk;
43: endmodule
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Fig. 8. Phase noise graph of DCO model.
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Table 1. Design summary of the proposed digital PLL.
B 1. MoHE CXIE PLLO| HA Q4R

Parameters Value
Output frequency (23361\%[?{02 Oj\élfgsm{z)
Freference frequency 52MHz
Dividing ratio (N) 46.1538
TDC resolution 2ps
DTC resolution 5ps
Loop bandwidth (f3dB) 2MHz
KDCO 500KHz
Proporiond et 0.0972./ 0.0047
DCO dithering frequency 600MHz
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Fig. 9. Time—domain simulation of DPLL.
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