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Full-Rate Divider Applications



Full-Rate Divider Applications

Wireless Frontend

I/Q mismatch of great importance.
Very high speed.



Static Dividers

Edge-triggered flipflop toggle between the two states 
by “negative feedback”. 
Wide range of operation (almost from DC to the 
circuit’s bandwidth).
Overlapped clock may cause racing.

Rising/falling time of CKin matters.



Implementation of Flipflops

Almost any type (digital or analog) can serve:

• TSPC• Multiplexer-Based
• CML (Current-Steering)• Pseudostatic

• C2MOS



CML Latch

Speed limited by RC time constant.



Meta-Stability



Regeneration of Meta-Stable Points

FF-based divider fails when it can not flip the state in 
one (input) clock cycle.



Superdynamic Flipflop

Allows different current for sampling and regeneration.



Free-Running Frequency

At fCK1 the divider behaves as a ring oscillator (with the 
cross-coupled pair providing sufficient phase shift), 
and requires little input power.



Static and Dynamic Dividers



Conventional Dynamic Divider



Analysis of Dynamic (Miller) Divider
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Decays to zero with a time constant of R1C1.

Divider doesn’t work without proper delay 
along the loop.



Analysis of Dynamic Divider

90° phase shift satisfies the division requirement.

Usually an emitter follower is needed to provide the 
required phase shift.



Rough Estimation of Operation Range

The LPF must (1) filter out      , (2) preserve     .
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Dynamic Divider with Bandpass Load



Frequency Range for Correct Division



Intuitive Understanding of Bandpass Division

2
3cos

2
cos inin tty ωω α+∝ ⇒ 0 < α < 1/3.

Actually, ⇒ 0 < α < 1/(2√ ).3

Reference: “A 40-GHz Frequency Divider in 0.18-um CMOS 
Technology”, JSSC, April 2004.



RF-Port and LO-Port Feedback



RF-Port Feedback



LO-Port Feedback



Injection-Locked Divider

Injecting signal at twice the oscillation frequency.

Locking range π3
4
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Modified Injection-Locked Divider

Resonate out parasitic capacitance at node P to allow 
stronger signal injection to the divider.
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Multi-Modulus Divider

Some applications require programmable division.

Example: Integer-N Frequency Synthesizer.

Channel Spacing = 1 MHz, Channel Number = 128



Pulse-Swallow Divider

Prescaler divides the input frequency by N＋1 or N 
based on the modulus control.
Program counter divides the prescaler output by P 
(fixed).
Swallow counter divides the prescaler output by S 
(programmable).



Pulse-Swallow Divider

Start from reset, prescaler divides by N＋1 until 
swallow counter is full.
After (N＋1)S pulses at the input, the modulus 
control changes to N.
Continues to count until program counter is full.

⇒ Total pulses at the input = (N＋1)S＋N(P－S) = 
NP＋S.



Prescaler (Dual-Modulus Dividers)

÷3/2 Divider

When MC=0 ⇒ OR Gate transparent ⇒ ÷3



Prescaler (Dual-Modulus Dividers)

÷3/2 Divider

When MC=1 ⇒ A=1, B=C ⇒ degenerates to ÷2 circuit



Higher Modulus Prescaler

÷8/9 Divider

÷15/16 Divider



Case Study
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