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Review: Performance and Technology Trends

® Technology Power: 1.2 x 12%1.2 =17 x [/ year
« Fesfuns Blzs: chrimks 195 [ yr. == Ewhohing cpesd Immgrrossc 1.2 7 yr.
- Demchty: Improvee 1.2x 7 yr.
- D= Armac 1,25 0 yT.

“ RISC lesson is to keep the |5A as simple as possible:
- 3horter declgn oyole == fully exploft the advancing teohnology (—3yr)
+ Gdvamead branoh pradicion and  plpaline ischmiquesc
- Elgger and mors cophiciicatad or-chilp caohet
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Rewiew: Characterize a Gate Review: General C/L Cell Delay Model
® Input capacitance for each input . —_"ﬁ [ =
® For each input-to-output path: : e - =
- For sach output trancition typs (H-"L, L-H, H2Z, L>Z ... sio) — I :
- Irimrmal deley (nic) E— 1-1-.if ar unil nad
- Lmum-ﬁﬁﬂ“[lﬂ-rﬂ Irzarnal Duelar -"-F. a : . =
“ Example: 2-input NAND Gate Caitcal e
5 — j: Ias j Duabey & -x Dt i 'l:nml:llnahunill Cell [symbol) is fully specified by:
. Dert: Low = Righ furzbional (input - cusput) Bshaviar
Fer 4 and 1: lnpt Rasd (1A= A1 11 Sera In;dwm}np::mm.m
L2 Tms M1 ¥ wash In
|i~|::¢-.:r -. :I:Ixu:ll:u — il o - gmlpm&:ﬂm delay from sach Inget fo sech output for sach
Thi=lgz ThIM= LIS 11 c_:' . T||IA-|H=F|“H| : | Deley + Load-o - lay % foad
) ® Linear model composes .
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Review: More complicated gates

- : * Three Components:
e - Input Loed
—1g - Load Dependent Detay
= Iniermal Oeleys

-

Ona for sach Inpid path—-oubpt trarelSion

“Input Load: A=61fF. B=61fF, 5=111fF

® Load Dependent Delay:
- TAYIf =0.0021 ne /6F  TAYRF= QU000 ne / IF
- TEYIhf =0.0021 ne /F  TEYH= 0.0020 ne / fF
- TAVIF= D0 ne[1F T3 = 00020 ne I TF
“ Intarnal Delay:
- TAYIh = 0LE44ne TEYIh = 0.EB44nc
- Fun Exarsises: TAYRI, TEYhI, T3vih, T7ih

“ How do we compute these numbers?

2 to 1 MUX: Input Load and Load Dependent Delay

- Wi I A "or |
Wirad (i g S &
A i, A
I Carin 2 — e |11 arsd 5) __:|
* Input Load (1L.)

- &, B: LL. (NAKD) = 81 fF
- Bz LL {INV) + LL. (NAND) = S0 fF + B1 fF = 141 ¢F

* Load Dependent Delay (L.D.D.): Same as Gate 3
- TAYIN =0.0021 me [fF TAYhH = 00020 ne [ 1F
- TEVIG =0.0021 ne [fF  TEYhH = 00020 ne [ F
- TEYIhE =000 ne [fF  TEYIhM = 00020 ng / fF
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2 to 1 MUX: Internal Delay Calculation C 5132 Logic Elements
2 v * MAMDZ, HANDS, HANKD 4
& |
A Yoo Ok amd TR e G and N HDHE.H{ﬂB.H{m
’EE j"‘“ * IHV1x jrormal Invartsr
' e ma © INVdx [Invartss with kEarge output drive)
5
? Internal Delay (1.0.): ¢ XOR2
- Ato ¥ LDL G+ WA 1 C =+ 03 Inped C) + L.D.D &1 + L0, B2 | XMOR2
- Bio ¥: LDL @2 + WA 2 C =+ 03 Inpet C) * L_D.D. 02 + LD, B2 . PWR- .
- Bio ¥ (Worcd Case): 1.0, kv = Wire 0 C + &1 Input © * LOWD. Inv = e
intarnal Deley Ao ¥ ' GMD: Source of 0'e
* We can approximate the effect of "Wire 1 C™ by: * fast MUXe8
- Apcums Wirs 1 hac the cams C ac all the gabs C sitached 1o H. it
i . “On nagativa aoge
* Specific Example: W
- TAYEN = TPhl @1 +{2.0* &1 fF]* TPhH 4 + TFIh G2
= ing + 122 F* 00020 meffF + 0.BnE = 0.544 nis
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Storage Element’s Timing Model

- " TR PN PRI PR

Sarsp & ik

i -
? = ek}

* Sabup Thme: Input must be stable BEFORE the trigger clock adge
“ Hold Time: Input must REMAIN stabils after the frigger clock edpe
* Clock-to-3 tima:
= Curtput oannot changs Inclantansously at he frggar olock adge
- Eimillar io delay In loglo geiec, bwo componente:
Intarnal Clook-to-G
Load dapandant Ciook-to-2
* Typlcal for claes: 1ne Sstup, 0.5ns Hold
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Clecking Methodology
= | |
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* All storags slemants are clocked by the same clock sdge

* The combination loghc Dlock's:

- Inputs ars updadsd at aach ook Hok
« AN owtpubs MUAT ba clnble bafors the maxt olook fick
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Critical Path & Cycle Time
x| | |

5;53'&'15:5#5

® Critical path: the slowest path between any two storage
devices

“ Cycle time is a function of the critical path

“ must be greater than:
- Clock-to-@ = Longest Path through Combination Logic + Setup

[ T

Clock Skew's Effect on Cycle Time
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* The worst case scenario for cycle time consideration:
+ The Impurt regishar caae CLEA
+ The cutpud reglcier cess CLED

& TIme - Clock Skew = CLK-t0-Q + Longest Dalay +
C}T:;-'ua”ﬁm o CLKAC u:-nga-ﬁ Dalay + E"mmﬂ
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