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1. For the following charge-pump PLL, assume VCO gain (Kvco) of 1 GHz/V, frequency division
factor N of 16 and charge-pump current (I¢p) of 100 uA. Beware of units.

up
PFD | 4o | CP

250 MHz ——p|

Vctrl VC 0

v

Tc I leak

a. Determine loop filter parameters R and C that realize the loop bandwidth of 10 MHz and
the damping factor  of 0.7. Assume Ijcak = 0.



b. Find the open-loop gain T(s) and draw a Bode plot (both amplitude and phase).

c. Calculate the phase margin.



d. Assuming that I¢p,up=120 uA, Icp,an=80 uA and the PFD’s reset delay is 1 ns, calculate the net
pulse-width difference At between the two PFD output pulses (UP and DN) and plot the resulting
V.1 waveform expected at the steady state. For simplicity, you may ignore the Veui’s change due

to the resistor R.

e. When the lieak = 10 uA, plot the Ve waveform and calculate the reference spur. Assuming that
charge-pump current (Iepup, Iep,an) 1s 100uA. For simplicity, you may ignore the Vcul’s

microscopic change due to the resistor R. Use the Fourier series of a sawtooth waveform.
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2. Consider an ADPLL with the reference frequency (frer) of 250 MHz and division factor N of 16.
The time-to-digital converter (TDC) has a resolution (Atdc) of 2 ps/LSB and the digitally-
controlled oscillator (DCO) has a resolution (Afpco) of 1 MHz/LSB. Beware of units.
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a. Determine o and 3 which make the ADPLL have the open-loop bandwidth of 10 MHz and the
phase margin of 60°. Assume z° =z,



b. When the z P exhibits the z?, how much does the phase margin change?

c. Derive the power spectral density function and sketch the phase noise of the output due to the

TDC quantization noise.

d. Derive the power spectral density function and sketch the phase noise of the output due to the

quantization noise by Afpco.



3. Consider a time amplifier as follows.
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a. Draw the waveform of B1. Assume that Tosrs = Tofra= Toff and Cg = Ca= C. Also assume that

the trans-conductance of the NAND output is gn at the metastable state.
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b. When the time offset of input A0 is doubled (Tofra = 2 Tofr, Tott8 = Totr,), plot the curve ATout
vs. ATin. Assume ATin = t(A0)-t(B0) and ATout = t(A1)-t(B1).

c. When the capacitance at A1l is doubled (Ca=2C), plot the ATout vs. ATin.



Consider a 5-stage ring oscillator. We are designing a divider with an injection-locked oscillator
with differential CML inverters. Circuit schematic is as follows. Assume the transistors have
ideal characteristics (infinite gain) and the delay is determined by only the resistors and input
capacitors. [Ref: Slide 14 of Chapter 4.4]

linj(£) = Linjo * sin(wot + ;)

a. What is the free-running oscillation frequency (fosc) of the ring oscillator? Assume Iinj = 0.



b. When dividing by 2, draw the phasor diagram of A, B, C, D, and E for Winj> 2r - 2 fosc. Assume

Tinjo << Io.

c. What is the lock range of this injection locked oscillator? Assume linjo = 0.1 X Losc.



5. You are to design following LC oscillator. Assume tank inductance (L) of 2 nH, series resistance
(Rs) of 0.5 Q and tank capacitance (C) of 0.25 pF. Beware of units.
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a. What is the resonance frequency (fo) of the LC oscillator?

b. What is its equivalent Q factor?



c. Determine the minimum value of the gm of the transistors (M1, M2) to sustain oscillation.

d. When Vc - ic curve is given as (b), What is the amplitude of the output swing?

e. When the gm of M1 and M2 are set to the value calculated in 5.c, derive and plot the single-
sideband noise spectral density L(Af) in equilibrium. Use Leeson’s model without flicker noise
term and amplitude noise. Use Boltzmann constant of k=1.38064852 x 10?* m? kg s> K! and

temperature of T=300K. What is its rms period jitter?



6. Read paper “A General Theory of Phase Noise in Electrical Oscillators (Hajimiri)” and answer
the question.

a ISF A3 EQT o] f

b. AF el 4] EA|7} 5= Ufnoise 7} high frequency clock 2] phase noise o] 43S
F+ mechanism ©f] d 3l (sketch &} §7]) A2 314 L.

c. 1/fnoise 7} phase noise °l] v]x]&= FFE Fol7] $18F wg L



¢ L

L Z7be] EAo il AW A L. (Internet oA copy 3HA] D YEYE AR
2 A)
a. Spectrum analyzer ] dynamic range & R oy 2 phasenoise T 543t

& AR e,

b. Charge-pump PLL °ll 4] loop filter o] 2" capacitor & F7}F= AF§3}o] 3™order PLL

= TAZE olfe?

c. DCO #] quantization noise & %E°]7] $1% delta-sigma modulator ¢] &2 Qe o
3 A3 A A L.



d. Spread-Spectrum Clock Generator & %H5 W] PLL 2] bandwidth = €u}7} = o] o}
shr 1 3e 3A s 9%

e. Jitter 7} 9= 735-2] BBPD gain = T35t ol dis] A" sHA L.

f. Phase-domain response in injection locking = A3 3}A] ..

<End of Mid-term exam>



