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(A Design of Prescaler with High-Speed and Low-Power D-Flip Flops)
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Abstract

An prescaler which uses PLL(Phase Locked Loop) must satisfy high speed operation and low power consumption. Thus

the performance of TSPC(True Single Phase Clocked) D-flip flops which is applied at prescaler is very important. Power
consumption of conventional TSPC D-flip flops was increased with glitches from output and unnecessary discharge at
internal node in precharge phase. We proposed a new D-flip flop which reduced two clock transistors for precharge and
discharge phase. With inserting a new PMOS transistor to the input stage, we could prevent from unnecessary discharge
in precharge phase. Moreover, to remove the glitch problems at output, we inserted an NMOS transistor in output stage.
The proposed flip flop showed stable operations as well as low power consumption, The maximum frequency of prescaler
by applying the proposed D-flip flop was 2.92GHz and achieved power consumption of 10.6lmw at 3.3V. In comparison

with prescaler applying the conventional TSPC D-flip flop

view of PDP(Power-Delay-Product).

[6]

, we obtained the performance improvement of 45.4% in the

Keywords : Prescaler, TSPC(True Single Phase Clocked), D-flip flops, Low-Power Circuits
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Fig. 1. Gate level block diagram of conventional
prescaler.
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Table 1. Operation mode setting by SW and MODE
signals.
SW MODE Fout
0 0 1in/128
0 1 fin/129
1 0 fin/64
1 1 fin/65
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Fig. 2. Synchronous 4/5 divide setting by MC.
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E 2 MC Ao ot & E 3 TSPC D-E&EZ&2 == D=lowlhigh)
Table 2. Operation mode setting by MC signal. Table 3. Operation of TSPC D-flip flop D=low(high).
MC F Clock
out Signal Node A | Node B QB Q
0 fin/4 low | highClow) |highthigh)| hold hold
1 fin/5 . . . . .
low->high | high(low) | low(high) | high(low) | low(high)
B omno yaeag gdde] Aed B4 468 high | highllow) | low(high) | high(low) | low(high)
o} 128/129%8F 545 st ZxAdE A3 high->low | high(low) | low(high) | high(low) | low(high)
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Fig. 3. Circuit of TSPC D-flip flop®.
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Fig. 4. D-flip flop using TSPC latch.™
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Fig. 10. Sharing of precharge path.
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Fig. 11. Sharing of discharge path.
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Fig. 12. Operation of proposed circuit.
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Fig. 13. Operation of proposed circuit.
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Fig. 15. Simulation waveform of a proposed D-flip flop

by applying another input patterns.
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Fig. 16. Circuit of D-flip flop for Dual-Modulus
prescaler.
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Table 4. Periormance comparison of C.Yuan's D-flip flop
and proposed D-flip flop.

C.Yuan, TSPC Proposed
D-Z4Z§" |TSPCD-ZHEF
Transistor
Counts 12 12
low’ to "high’
(Clock - Q Delay) 0.01 0.03
[ns]
"high to 'low’
(Clock - Q Delay) 001 0.01
[nsl
Power Consumption
(W] 2.744 0628
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Table 5. Performance comparison between C.Yuan's
prescaler and proposed prescaler.
Prescaler using ‘Prescaler using
a CYuan's F/F a proposed F/F
Supply
Voltage [V] 33 3.3
Transistor
Counts 12 1
Delay [ns] 0.34 0.34
Power [mW] 1943 1061
PDP [p]] 6.60 360
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