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EECS 42 Introduction Digital Electronics
Andrew R. Neureuther

Lecture # 22 Latches and Pipelining
Handout of This Lecture.

A) Timing Diagram for a Clocked Latch
B) Pipelining
C) Latency and Throughput

http://inst. EECS.Berkeley.EDU/~ee42/
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Latch Work Best In Pairs
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Example of Circuits to Integrate with Latches

Gate 1 Gate 3
ThL = 3wy
TpD_CASCADE~ *pD 1 T T pD 2

Ten = 3Ty
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Logic Worst Case Delays

T = 2Ty

Ten = 2Ty
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Latch Implementation: Lumped

Latch 0 Gate 1 Latch 1
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Latch Operation: Lumped
Latch 0 Gate 1 Gate 2 Latch 1
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Latch Implementation: Pipelined

Latch 0 Gate 1 Latch 1 Gate 2 Latch 2
Voo Voo Voo Voo Voo Voo Voo
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Latch Operation: Pipelined

Latch 0 Gate 1 Latch 1 Gate 1 Latch 2
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Latch Timing Diagram ai=o0

Logic B2=1 1=>0
level C2=0

Clock
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Latency 32 inverter delays Time (inverter delays)
Throughput = 1/(20 x 345ps) = 0.145 GHz
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Clock Optimization: Pipelined

Latch 0 Gate 1 Latch 1 Gate 1 Latch 2

Taicn = Tr_gxt T Max (TaTED TGATED

Trow = TL INT
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Latency and Throughput

Latency L is the delay between the rising edge of the
clock on L0 and the data being valid internally in the
last latch.

Lyumpep = T exr T Tearer T Tearez T Tonr
=2y 2Ty 2Ty T 2T 0y = 8Ty

LPIPLINED = Tp EXT T Toarm T T nt T _ext TTaTE2 + TLNT
=2ty 2Ty 2Ty T 2Ty T 2Ty 2Ty = 12Ty

Throughput T is the bits per second through the
latches and is the maximum clock frequency.

PrLumpep = Te_exr T Tearer T Tearez T T ne
=2y 2Ty 2Ty T 2Ty = 8Ty

Fyumpep =1/8(345ps) = 0.36 GHz

PPIPELINED = Ty EXT + MAX(t6arers Toated) T TL INT
= 2Tyny + 2Tyny + 2Tny =0Ty Fprprnen =1/6(345ps) = 0.48 GHz
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Another Example
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