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1.   

 

 
a. ω = 2πf, ϕ(t) = ∫ ω(t)dt, fout = 460M + 100M × Vctrl 

V0 = 1.8V 

ωout(s)

ωin(s)
|open =

Φout(s)

Φin(s)
|open = KPD ×

1

1+
s

ωLPF

×
KVCO

s
,   

KVCO =
100MHz

V
=

200πM(
rad

s
)

V
, ωLPF =

1

RC
, KPD =

1.8

π
  

⇒
Φout(s)

Φin(s)
|open =

(200πM)×(1.8/π)

s2RC+s
,

Φout(s)

Φin(s)
|closed =

(200πM)×(1.8/π)

s2RC+s+(200πM)×(1.8/π)
  

 

b. ωcorner = ωLPF =
1

RC
, H(s)|closed =

ωn
2

s2+2ζωns+ωn
2  

→ ζ =
1

2
√

1

RC×(200πM)×(1.8/π)
=

1

√2
   

⇒ ωcorner = 2 × (200πM) × (
1.8

π
) = 720M rad/s  

⟹ fcorner =
ωcorner

2π
= 114.59M Hz  

 

c. H(s)|open =
KPDKVCO

s2RC+s
=

KPDKVCO

−ω2RC+jω
=

KPDKVCO

ω4R2C2+ω2 (−ω2RC − jω) 

⇒ |H(s)|open| =
KPDKVCO

√ω4R2C2+ω2
= 1 @0dB → ω = 327.67 rad/s  

⇒ θ = tan−1(−ωRC) = −24.47° ⇒ P. M. = (−90° + θ) − 180° = 65.53°  

100MHz/V 
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d. s (
Φout(s)

Φin(s)
|closed) |s⟶0 = 0 ⇒ means that steady-state error is zero 

KPD =
1.8

π
=

Vctrl

ΔϕDC
, Vctrl = 0.4V ⇒ ΔϕDC = 40°  

➔ The output phase leads the input phase by 40° when the loop is lock. 

 

e. ζ′ = new damping factor = ζ√0.2 =
1

√10
 

ωcorner
′ = 144M rad/s, θ′ = −34.93° ⇒ P. M. ′ = 55.07°  

 

f. When the output frequency becomes 505MHz, KVCO, KPD, and the 

transfer function aren’t changed. Therefore, the damping factor and the 

phase margin of this system aren’t changed. 

However, the phase between the two inputs becomes 45 degree, which 

the output phase leads the input phase. 

KPD =
1.8

π
=

Vctrl

Δϕ′DC
, Vctrl =

505M−460M

100M
= 0.45V ⇒ Δϕ′DC = 45°  

 

2.  
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a.  

⚫ Overview 

 

◼ R1 = 5kΩ, R2 = 2kΩ, Rlpf = 7kΩ, and Clpf = 10fF 

⚫ Phase Detector (Xor) 

 

◼ NAND size 

◆ NMOS: 6um/0.18um; PMOS: 8um/0.18um 
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⚫ Three Inverters 

 
◼ Purpose: 為了讓 PD能夠推動後面的 LPF和 VCO 

◼ 數量的選擇: 此電路需要接奇數個 inverter，因為我設計的 KVCO 

是負的，而一個 inverter推不動，因此選擇用三個 inverter。 

⚫ VCO 

 

 

 
◼ It shows that the value of KVCO I designed is 950MHz/V 

◼ Implementation:  

此是將 stage1 & stage3的 PMOS control訊號連接至 LPF後面，也

就是接到 Vctrl1；stage2 & stage4的 PMOS control訊號連接至一個

0.4V的定電壓。此做法的目的是為了降 KVCO。 

Element Value 

Stage NMOS (M11n, M12n) (50μm/0.18μm)  

Stage PMOS (M11p, M12p) (3.4μm/0.18μm)  

C  200 fF 

ISS   500 μA 

Gain of each stage 8.15 (18.5dB) 

Frequency of -3dB Gain  300 MHz 

Input Common-mode 1.4 V 

Output Common-mode 1.398 V 
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⚫ Frequency divider 

 
◼ Purpose: To lower the value of KPD 

◼ Result: KPD =
1.8

π
×

R2

R1+R2
=

0.51

π
 

⚫ For Low-pass-filter 

◼ ωcorner =
1

RC
= 311M rad/s for damping factor = 0.707  

➔ I set the resister and capacitor in low-pass filter are 7kΩ and 10fF 

respectively 

⚫ For buffer stage (Bufn) 

 

◼ Purpose: 由於經由 VCO後得的 output只會在 1.2 ~ 1.8V間震盪，

因此加此 buffer使得 vbuf會變成在 0 ~ 1.8V間震盪，因此選用 N-

type的 differential input single-ended output的結構。 

◼ Result: 1.2 ~ 1.8V間震盪的 vout1和 vout2經由 Bufn得到的 output 

“vbuf”會在 0.27 ~ 1.6V間震盪。 

 

b.  

 
◼ It shows that the settling time is 18.1ns 
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c.  

 
◼ It shows that the settling time is 18.1ns and the frequency in the 

steady-state of all outputs in VCO are locked at 500MHz. 

 

d.  

 
◼ It shows that Vctrl oscillates between 0.181V to 0.417V in the steady 

state, and the average value of Vctrl is 0.327V, which can make VCO 

oscillate at 500MHz.  

◼ The error between 0.327V and 0.4V, which I designed in VCO, is due to 

the loading of the input of VCO increased. 
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e.  

 
◼ All the oscillation amplitudes are the same because gain in each stage 

are the same. However, the maximum value of the output in both 

stage2 and stage4 are lower than in both stage1 and stage3. This is 

because the average control voltage of stage2 and stage4 are much 

larger, which will increase RON,P. 

◼ Phase difference = ∆t × f × 360° = 39.6°, which is close to ideal 

phase difference 45°. This is because the RC time constant and the 

oscillation frequency in each stage are the same. 

 

f. By measurement, KPD =
0.307

0.75π
= 0.13, KVCO =

ω1−ω0

V1−V0
= 456.7M Hz/V 

ΔϕDC =
ω1−ω0

KPDKVCO
=

2π(478M−295.32M)

0.13×456.7M
= 19.33 = 27.7° (Vbuf leads Vin) 
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g.  

 
◼ For the phase error between the reference input and the oscillation 

node (Vout1, Vout2) 

◆ Measurement:  

Phase difference (Vout1) = ∆t × f × 360° = 15.55° 

Phase difference (Vout2) = ∆t × f × 360° = 6.39° 

◼ For the phase error between two inputs that go into the phase 

detector 

◆ Measurement: 

Phase difference = ∆t × f × 360° = 40.14° 

◼ The reason for the difference between the above two results is that 

there is a phase shift after the processing of buffer stage; therefore, 

the phase error between two inputs that go into the phase detector is 

much larger than the other. 

◼ The signal after VCO stage processing is related to the static phase 

error, which I calculated above. 


