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Abstract

This paper describes design and implementation of a spread spectrum clock generator (SSCGR) for the DisplayPort. The
proposed architecture generates the spread spectrum clock using a sigma-delta fractional-N PLL. The SSCG uses a digital
2nd order MASH 1-1 sigma-delta modulator and a 9bit Up/Dn counter. By using MASH 1-1 sigma-delta modulator,
complexity of circuit and chip area can be reduced. The advantage of sigma-delta modulator is the better control over
modulation frequency and spread ratio. The SSCG generates dual clock rates which are 270Mk and 1628 with 0.25%
down-spreading and triangular waveform frequency modulation of 338k The peak power reduction is 11.1dBm at 270Mk.
The circuit has been designed and fabricated using in 0.18m CMOS technology. The chip occupies 0.620mm X 0.780mm. The
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measurement results show that the fabricated chip satisfies the DispalyPort standard.
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1. Introduction

The increasing speed of microprocessors, optical
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transmission links, intelligent hubs and routers are
pushing the data rate into the giga bits—per—-second
range. As operating at high frequencies, currents and
voltages present in the circuits and the signal traces
leads to large Electro-Magnetic Interference (EMD™.
The EMI level of an electronic system should be
restricted to a certain level for a stable operation
with other electronic systems. The simplest way to
reduce EMI seems to be a shielding; however, it
cannot be applied to all system, especially to
system-on-a~chip (SoC) level. One of the most
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efficient ways to reduce EMI is spreading out
radiation energy around its peak frequency using a
spread  spectrum  clock generator (SSCG)  which
makes a frequency modulation to the original system
clock. A SSCG is an efficient way to reduce EMI
radiation in modem mixed signal chip systems. There
are many types of SSCGs in the literatures. Most
SSCGs are designed by modulating the dividers in
the PLL. A fractional-N PLL achieves the higher
resolution with high operating frequency, and also
reduces the drawbacks such as a spur using the
digital sigma-—delta modulation technique.

In this paper, a SSCG using a sigma-delta
fractional-N PLL for the DisplayPort is presented.
The DisplayPort SSCG requires both 270M and 162k
operating frequencies. Also, it satisfies spread
spectrum clock with 30~33kl, and 0%~05% down-
spread frequency modulation®”. Two up/dn counters
and multi-modulus dividers for two different clock
modes should be included.

The outline of this paper is as follows. In the
section I, the proposed SSCG architecture is
presented. Section I describes the measured results
and then conclusion is given in section IV.

II. Proposed SSCG Architecture

1. TOP BLOCK

Fig. 1 shows the block diagram of the proposed
SSCG. The SSCG is based on a fractional-N PLL
using sigma-—delta modulation technique to modulate
the divider. The divided output clock is used in the
up/dn  counter. The wup/dn counter produces a
triangular waveform of 30~33kz and 0.25% down
spread ratio frequency deviation. The output of the
counter is used to control the sigma-delta modulator.
The operating frequency is selected by “SEL” control
signal and the SSC function is turned on or off by
“SSC mode” control signal. These control signals are
manually controlled.

The multi-modulus divider operates as 8-11
dividing mode with 270ME clock when “SEL” signal is

SEL
27TMHz > 270MHz
> 5 CP.30u Loop 162MHz
PFD MUXIM Eitter
> CP_S50u
| —>
Multi-modulus
Divider{4~11)

1 SEL
I_T__] obit A 3bit

Up/dn R
Counter 1-1 MASH SDM

$8C mode

B 1. MoHEl SSCG glze| E&ciolo{ad
Fig. 1. Block diagram of the proposed SSCG.
on. The multi-modulus divider operates as 4-7
dividing mode with 162Mk clock for DisplayPort. Two

different current charge pumps are implemented for
adjusting loop bandwidths of each clock rates.

A. Voltage Controlled Oscillator
Fig. 2 shows the schematic of the VCO which
consists of a 5-stage ring oscillator. The bias voltage
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Fig. 2. Block dagram of the Voltage Controlled
Oscillator.
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Fig. 3. Block diagram of the Delay cell
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generator can adjust Vbn dynamically by its own
negative feedback loop to compensate the PVT
variation. The self biased technique can provide a
wide frequency range, minimized supply and
substrate noise”. The delay cell of the VCO shown
in Fig. 3 is a source—coupled pair with symmetric
active loads for the better linearity of the VCO gain
and wider swing.

B. Charge pump

The schematic in Fig. 4 shows a charge pump. A
unity-gain buffer is used to clamp the terminal
voltages of current sources during the zero—current
pumping period. In this way, voltage glitches on the
loop filter due to charge sharing can be eliminated.
Both the up and the down current can be either
connected to the output or drained to a dummy
reference voltage by the four switches. To minimize
clock feed-through, all switches are implemented by
TG (transmission gate) and every switch has its own
control signal. The relative timing of the charge
pump switches is optimized to avoid glitches at the
output node.

vDD

bias1 —d
bias2 —q

p—ueb

Dummy
reference

output

p—dnb
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Fig. 4.
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Block diagram of the Charge pump.

C. 2nd order MASH sigma—delta modulator
Usually a fractional-N PLL achieves the fine
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resolution at higher operating frequencies. A sigma-
delta modulator makes the average mput value
unchanged and modulates the quantization noise to a
higher frequency. In conventional sigma-delta digital-
to-analog converters, the output of modulators is
followed by a low pass filter in order to remove
quantization noise. In this system, the out-band
quantization noise are filtered by the PLL. The higher
order sigma-delta modulator can the
quantization noise effectively. But the single-loop
architecture may have instability. MASH architecture
can solve instability problem and can be easily
implemented using all digital architectures. Thus, it
can be integrated into a single chip and is insensitive

Suppress

to process variation.

The 2nd order MASH sigma-delta modulator is
used for the proposed design. The 2nd order MASH
1-1 sigma-delta modulator implemented by cascading
two first order sigma-delta modulator is illustrated in
Fig 5. By performing linear analysis on this model,
the input/output relationship of the modulator can be
written as follow;

Y(z)=Flz)+ @ (z)(1—2"") oy

where F(z), Y(z), and Qu(z) are the Z-transform of
the input, output, and quantization noise from two
stages, respectively. It is shown that the quantization
error is shaped and pushed to high frequency by
placing two zeros at the origin. Then the closed loop
behavior of PLL filters the quantization noise.

Fig. 6 shows the realization of MASH 1-1 sigma-
delta modulator. The proposed SSCG uses 14bit

.
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Fig. 5. 2nd order MASH 1-1 sigma-delta modulator.
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Fig. 6. Digital MASH 1-1 sigma-delta modulator.

accumulators.

D. Up/Dn counter

The DisplayPort requires spreading clock spectrum
with 30~33kz modulation frequency and less than
0.5% down~spread frequency modulation®.

The up/dn counter is used to satisfy required
specifications. For down-spreading operation, the
up/dn counter’'s reset value is set to 111111111,
When the “SEL” is on, the counter iterates increasing
and decreasing from 111111111 to 001101011y at
270MHz clock mode. When the “SEL” is off, counter
iterates from 111111111 to 100111000g at 162MHz
mode. At 162M clock mode, the input clock of the
up/dn counter is divided by 2. The output of the
up/dn counter oversampled by the
modulator can produce a triangular waveform. The
counter value could be determined as follows;

sigma-delta

- 2710MHz clock mode

405 \
2T Mhz X 10(1 —m)_ 27Mhz X 10X 0.975 2
37.037ns X 810 = 30us 3

- 162MHz clock mode

200
16384

27Mhz><6(1— )= 27TMhz X6 X 0.987 (4)

37.037ns X 2 X 400 = 30us )

(585)
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E. Multi-Moduilus Divider

The Multi-modulus divider generates a seguence
with multi-bit states by MASH 1-1 sigma-delta
modulator. The output of the second order MASH
1-1 sigma-delta modulator is spread to n-1, n, o+l
and n+2. The n values of the proposed SSCG are
varying from 5 to 9 for different clock outputs. In
other words, the divider is working as the 4 to 7
divider for 270ME and the 8 to 11 divider for 162
respectively. When the “SEL” is on, the multi-
modulus divider operates at the 8 to 11 dividing
mode, otherwise the multi-modulus divider operates
at the 4 to 7 dividing mode. The multi-modulus
divider is designed using Verilog coding and logic
synthesis.

III. Measurement Resuit

The proposed SSCG for DisplayPort has been
implemented with TSMC CMOS 0.18m 1-Poly
6-Metal process.

Fig. 7 shows the microphotograph of the chip
which occupies 620um x 780um. It is implemented by
full-custom design method. Fig. 8 shows the
simulated modulation profile of the proposed SSCG
circuit.

2 Akl

Microphotograph of the chip.

o 7.
Fig. 7.
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Table 1. Proposed SSCG performance summary.

SSCG B 210MHz DisplayPort
reduency 162MHz spec.
¥ Technology TSMC 0.18um CMOS -
0.180s, ~-1.51 X N
: 060180 Modulation Profile 33k triangular 30k ~ 33k
Freq.ueflcy 0.259%6(270Mk) < 05%
Deviation 0.219(162Mk)
S Peak Power 11.15dB(270M) ~
Reduction 9.50dB(162Mk)
2| oAb q0l= 1l =
¢ = (Simu?ated) profile after. phase 1o @270MHz H6ps @ SSCG
) Loop Bandwidth 250Kk < M
Mkrl 233 ki
¥S§ef 8 dBm Atten 10 dB ﬁ ame 1115 de Supply Voltage 18V -
L:: ’ ik Mi W * Power Dissipation 40mW -
35/ f vy ‘I SSCG area 620um x 780um —
AVAYY RN P NI VA B ! )
. IBARA Y N Fig. 9 and Fig. 10 show the measured results of
Matkervy, | N ok . : .
233.000 Kb 111 AT the output signals with a spectrum analyzer. Fig. 9
vAve +—31:15-¢B 1 "‘V} VW shows the spectrum of 270Mk SSCG output after
Center 270 MHz Span 3 MH . . : _
Res BN 38 kHz VBH 38 kHz  Sweep 9.167 ms ?Zgl pt; spreading. Comparing with the non-SSCG, the peak
”‘{{" 'gg’ ’:";: R aglicade power reduction is about 11dB with 0.25% spread
¢ ’ e b 1S 68 ratio. Fig. 10 shows the comparison between the
non-spread clock and the spread clock at 162
Comparing with the non-SSCG, the peak power

28 9 MAE SSCGe| 270M: dBm SYuly
Fig. 9. Measured spectrum dBm of the 270Mz output
signal with spread spectrum.
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1R 2> Freq 162,668 MHz 7.532 dbn
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Fig. 10. Measured spectrum dBm of the 162z output
signal with spread spectrum.

reduction is about 95dB with 0.2% down spread
ratio.

The measured peak-peak jitter is 13.3ps with
non-SSCG mode and 356ps at 270MHz with SSCG
mode. The oproposed SSCG performances are
summarized in Table 1.

IV. Conclusion

A 270Mb/162Mg SSCG for DisplayPort has been
designed and implemented using a 0.18um CMOS
process. The spread spectrum clock generator uses a
fractional-N  frequency synthesizer to achieve
specified spreading spectrum ratio with triangular
waveform modulation. The spread spectrum clock
generator consists of a fractional-N PLL, up/dn
counter, and second order sigma-delta modulator. The

prototype chip occupies 0.620mm x 0.780mn. The peak
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power reduction of 11dB is achieved and power
dissipation of the chip is 40mW at 270Mk mode.
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