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Abstract

A spread spectrum clock generation is an efficient way to reduce electro-magnetic interference (EMI) radiation

in modern mixed signal chip systems. The proposed circuit generates the spread spectrum clock by directly

injecting the modulation voltage into the voltage-controlled oscillator (VCO) current source for SATA II. The

resulting 33KHz modulation profile has a Hersey-Kiss shape with a rounded peak. The chip has been fabricated

using 0.18㎛ CMOS process and test results show that the proposed circuit achieves 0.509% (5090ppm) down

spreading at 1.5GHz and peak power reduction of 10㏈. The active chip area is 0.36㎜ × 0.49㎜ and the chip

consumes 30㎽ power at 1.5GHz.
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I. Introduction

The increasing speed of microprocessor, optical

transmission links, intelligent hubs and routers is

pushing the data rate into the gigabits-per-second

range. As operating at high frequency, signals in

the circuits and the printed circuit board (PCB)

traces lead to great EMI. The EMI reduction of an

electronics system is restricted to a certain level for

a stable operation with other electronics systems.

The simplest way to reduce EMI is a shielding

method: however, it cannot be applied to every

system, especially to system-on-a-chip level. One

of the most efficient ways to reduce EMI is

spreading radiation energy out around the peak

frequency using a spread spectrum clock generator

(SSCG). The data rate of SATA can go up to

3Gbps or 6Gbps. The spreading in SATA is

5000ppm down spreading with modulation frequency

of 30～33KHz. A SSCG with PLL can either

modulate the divider or the VCO control voltage

directly. The direct modulation on the VCO is also

investigated since added modulation profile is

directly changing the frequency [1]-[4]. When

modulating the divider, the modulation ratio depends

on PLL bandwidth, so that it requires iterative

design process to find optimum bandwidth. And the

process, voltage, and temperature (PVT) variation

could affect the modulation ratio. For small

spreading ratio control, fractional-N type PLL with

a sigma-delta modulator is often used [5]-[8].

In this paper, a SSCG with a rounded

Hershey-Kiss modulation profile is presented for the

application of SATA II. The proposed SSCG is

modulating the gate voltage of the current source in

the VCO delay cell. It brings a small deviation of

VCO control voltage while the PLL is still locked.

The proposed SSCG is a simple approach and

occupies smaller area compared to fractional-N PLL.

But still meets all SATA specifications.
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II. Proposed SSCG

A. Architecture

Fig. 1 Block diagram of the proposed SSCG

The proposed SSCG block diagram is shown in

Fig. 1 with an integer type PLL and a modulation

block. The modulation block is initiated by the

reference frequency as a common input frequency.

Before PLL’s phase locking, the phase frequency

detector (PFD) output in the PLL is a dominant

component to pull the frequency up to the vicinity

of 1.5GHz. The output of the modulation block is to

spread VCO output frequency but does not disturb

the main loop phase locking mechanism. After phase

locking, small voltage variation to the current

source in the VCO is injected by the modulation

block. The injecting signal to the gate voltage of

the current source in the VCO delay cell has a

peak-to-peak value of 150 to 200㎷. This signal

generate the fluctuation of the final VCO control

voltage with PLL loop dynamics, which spreads the

output frequency.

B. Modulation Block

The detailed modulation block is shown in Fig 2.

It composed of a 33KHz signal generator,

level-shifter and a frequency modulation generator.

The 33KHz clock is generated by the 1st order

sigma-delta modulator with a dual modulus divider.

Fig. 2 Modulation block

The reference clock is 150MHz. Since the dividing

ratio is 4545.4545.., the summing integer value is

1000111000001(binary). Thus a 13 bit adder is

needed. The fractional part is processed with 1st

order sigma-delta modulator. Depending on the

dividing ratio, a bit size of the adder can be

adjusted. The modulation block occupies about 20%

of the total chip area.

The 33KHz square pulse is provided to the level

shifter for the proper swing level. To make sure the

VCO output frequency spreading, the bias level in

the modulation circuit and its swing amplitude is to

be set properly. The level-shifter produces the

proper bias level and the signal amplitude. The level

shifter circuit is derived from generating various

voltage levels [9]. It has a single power supply and

reduces a leakage current. The use capacitance in

the circuit serves two purposes. It helps in

preventing the quick discharge of node connected to

the bottom plate and also acts as a startup when

the circuit is powered up. The output of the level

shifter is adjusted at around 1.05V. The operational

amplifier (OP-amp) buffer protects the current path

and modulates the VCO current source according to

the output of the level shifter. The slew rate

characteristic of the OP-amp converts the

rectangular pulse of the level shifter output to

triangular waveform. In order to generate the

desired signal swing, the designed OP-amp has

±0.106㎷/㎲ slew rate. Constant current biasing

technique is used for keeping the slew rate

constant across the PVT variations. The

method aims at keeping the large signal

characteristics intact across any temperature

variation. However, since the gm drops with an

increase in temperature, the op-amp needs to

be designed to have enough bandwidth at a

high temperature. 
Fig. 3 shows a single stage of the ring type VCO

circuit used in the proposed SSCG. The linearity of

VCO gain is important to ensure the targeted

spread ratio. To improve the linearity of the VCO

the negative resistor circuit at the VCO output is

added. The VCO gain is set at KVCO=2.2GHz/V.
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Fig. 3 A single stage of the ring VCO

As shown Fig. 3, the M1 transistor is connected to

a control voltage that was generated by the PLL.

The M8 transistor receives the modulation signal

and this causes a controlled fluctuation of VCO

frequency, which gives spectrum spreading.

C. Simulation Results

Fig. 4 shows the output signals at nodes in Fig. 2.

As shown in Fig. 4, the signal level and swing are

shaped at nodes (a), (b), and (c) of Fig. 2. The

modulation block produces 1.05V bias level and

maintains modulation period. As shown in Fig. 4,

the OP-amp output generates a triangle-like profile

controlled by the slew-rate of the OP-amp. Since

Fig. 4 Simulated signals: (a) 33KHz clock

generator (b) level shifter (C) OP-amp buffer output

Fig.5 Simulated modulation profile after locking

the output of the OP-amp is shaped by the RC

time constant, the modulation signal is not the

triangular shape. Therefore the modulation signal to

the gate of VCO current source does not have

linearity like a triangular profile. The slope of the

modulation signal keeps changing as it goes up and

down. And the rate of the slope variation is the

maximum at the middle of signal swing. The slope

variation of the modulation signal and the loop

dynamics in the PLL make the final VCO control

voltage be more like Hershey-Kiss Profile. The

resistance in the filter attenuates the peak value of

the control voltage and the capacitor in the filter

causes a delay in the control voltage. Due to these

loop filter characteristics the control voltage can not

follow the fast slop changes. Thus the final shape

of the control voltage becomes a rounded

Hershey-Kiss Profile. The final modulation voltage

is shown in Fig. 5. While generating the modulation

profile, the PLL is locked.

III. Measurement Results

The proposed SSCG for SATA-II application was

designed and implemented using CMOS N-well 0.18

㎛ 1-poly 6-metal process with 1.8V supply. Fig. 6

shows the chip microphotograph. Fig. 7 shows the

PLL output spectrum of non-SSCG and SSCG

mode. Comparing with the non-SSCG mode, the

proposed SSCG circuit has the peak power reduction

of 10.2㏈, which meets the SATA specification (>7

㏈). Also it shows down spread ratio of 0.509%

(5090ppm).

Fig. 6 Chip microphotograph of the proposed SSCG
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This Work [4] [6] [7]

SSCG frequency 1.5GHz 1.5GHz 1.5GHz 1.5GHz

Technology 0.18㎛ CMOS 0.15㎛ CMOS 0.18㎛ CMOS 0.15㎛ CMOS

Modulation method
modulation on VCO

current source
phase interpolation sigma-delta sigma-delta

Modulation profile
rounded

Hershey-Kiss
triangular triangular triangular

EMI reduction 10.2㏈ 5.43㏈ 20㏈ 9.8㏈

Frequency deviation 0.509% 0.37% 0.535% 0.5%

Chip area (active) 0.36㎜ × 0.49㎜ - 0.88㎜ × 0.48㎜ 1.75㎜ × 0.94㎜

Power dissipation 30㎽ - 54㎽ 77㎽

Table 1: Proposed SSCG performance summary

(a)

(b)

Fig. 7 Measured spectra with (a) non-SSCG mode and

(b) the proposed SSCG mode at 1.5 GHz

The chip occupies chip area of 0.36㎜ × 0.49㎜ and

consumes 30㎽ at 1.5GHz. Table 1 gives the

performance summary of the proposed circuit and

comparisons with previous works. The proposed

SSCG shows the minimum chip area and lowest

power consumption compared to other schemes

while demonstrating a reasonable EMI peak power

reduction (～10㏈).

IV. Conclusion

The proposed architecture generates a spread

spectrum clock by directly injecting the modulation

into the VCO current source for SATA II

application. The modulation frequency is set at 33

KHz and the modulation profile is controlled by

OP-amp slew-rate. The final VCO control voltage

profile is a Hersey-Kiss shape with a rounded peak.

The chip has been fabricated using 0.18㎛ CMOS

process and test results show 0.509% (5090ppm)

down spreading at 1.5GHz and peak power

reduction of 10.2㏈. The proposed SSCG shows the

smaller chip area and lower power consumption

while demonstrating a reasonable EMI peak power

reduction (～10㏈).
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