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What is FastCPU?

6 stage pipeline RISC processor

16 bit instructions set

16 bit internal data bus

8 bit I/O bus

8-bit CLA adder, 8bit bi-dir Barrel Shifter, 4 bit Multiplier
Tap Controller for serial scan of PC out on a pin for
debugging.

Total number of transistors 8500 (without Pad Frame)
Fastest clock speed: 42 MHz

Status:

— Design and testing of all blocks are complete
— IRSim testing from pads is complete!

— Mission accomplished!



Our Pipeline
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Stall is inserted to avoid the structural hazard (Due to
the pin number limitation, the data and instruction
memory accesses share the same 8 pins).

There must be an ALU operation before conditional
branches. The target address of the next instruction
can always be resolved in the |ID stage of the current
instruction.

3. Data forwarding is used in the ID stage when needed.




Instruction Set

operation of n:-::-1 d;, (13- || destihation ;:nlagister (11- | source r;gglister (F- target register (4-2)
ADD 1000 Ed Es Et
=B 1001 Ed Es Et

MITLT 1010 Ed Es Et
FAIE 1011 Ed Es Et
OF. 1100 Ed Es Et
MNOT 1101 Ed Es TIrA
=LL 0101 Ed Es Et
SEL 1111 Ed Es Et
JE. Q000 IR Trom A ddr
JC 0001 IR Trom A ddr
JZ 0011l IR Trom A ddr
LW 0100 Ed Tt & ddr
et 0010 Es Trm & ddr
LWT 0101 Ed Trm Data
MOP 0110
EXD 0111




CPU Schematic
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Timing Analysis (1)
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Timing Analysis (2)

Zak Po_eertsel

st o=t =adr_sel

Zormtraller

Mmem_wirt =

-
red_skear

IR

F nom
Mem

S bits
[Pl iy

<

o L0 o
Ein_ze

b irbicon coae s
o @ _carng

Tore_reQs en

[LIRE BF-| '
o =1 '
re=ce,
[
req_ckar
ReaFils .
(== bWt & .
[=pil b o

Ir|_TI1:|

==
= bit=

[Pl )

=y
.

T MNem
=
fI Reg =
F rom
mem

i+ =

Ir2: u.?'t_e-

rea_chemr

Irr o

mm_siofe_eh 0@

req_ckear

reg_ckar

rd_backepe_ew 0=
1_ew o=

0 R b e d Somparaior

00 R bas e d com paraior
L= =)

bypass_en




F noam

Timing Analysis (3)
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Main PLA
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Test Access Port Controller — for
CPU Debugging
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Scan Cell For TAP
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Carry Look-Ahead Adder
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Carry Look-Ahead Adder
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Multiplier
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Barrel Shifter
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Floor Plan
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IRSIM Test Code Sequences

We have four testing code sequences

LW RO #129;
LW R1 #130;
ADD RO R1 RO;
ADD RO RO R1;
JC #114;

LW R4 #168;
LWI RS #3;
MULT R4 R4 R5;
STORE R4 #168;

LWI RO, #18;
LW R1 #154;
AND R2 RO R1;
JR #32;

OR R3 RO Rf1;
NOT R4 RO;
SLL R5 RO Rf1;
SRL R6 RO Rf1;
ADD R7 RO R1;
SW R6 #145;

LW R2 #129;
LWI R3 #70:
(HALT)

SUB R2 R2 R3;
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Memory Access Testing

pucd Bi i Bi i BEi i Bilyi BEi [oi Bi Drir [ 2l wicd Bi i Bi i EiDir
P_IH:_FGC ~lkalclk tEit29$tBit1FtEitopu_outo] ' ddplu_out plu_outdu_outs P_IH:_F_IC
Rl , R
F’aﬁﬁ_l_Dlr dBlDl_g
Ao, | L | L HREIET
F’a%nglr e dBIDl'F
P&ﬁﬂ:‘d -] F’ac(i:ElDlr
= = l:!|:|:| B
F’a%%IDII' i =39 Z F’za__‘.t;',s-‘ﬁnd
iDyi : : 0 o iDi
F’a%%IDII' " ; core__ d F’ac(i:ﬁlDlr
F’a%%IDII' | F’a%%IDII‘
F’a%%IDII' N - F’a%%IDII‘
F’a%%IDII' = = = = F’a%%IDII'
PadFC - - . - - . . o | PadFC
Fucd i i Ei Doi Ei i BiCirfaciicd Bi i Eili Ei Dip pudd Bi i EiDir
16_2 16_3
al a0 |#teitasteits: pdd {17 z0| 17z =1 | A7 | |dE || A5
o o DEI 2 LID = = ge - u:ilz. = =) = i
b T e e e
; i regflle i ;
Bpet regfile_0
o o =5



Memory Access Testing Result
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LW R2 #129;
LWI R3 #70:
(HALT)

SUB R2 R2 R3;

TAP Testing Result
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LW R2 #129;
LWI R3 #70;

SUB R2 R2 R3;

JZ #85;

Testing (J2)
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LW RO #129;
LW R1 #130;

ADD RO R1 RO;
ADD RO RO R1;

JC #114;

Testing (JC)
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General ALU Testing

chipd Thu Dec B11:10:58 2001
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Spice Analysis (Multiplier)
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Timing Analysis with Crystal
and Spice Analysis result:

* The longest path 12ns
delay VbSa signal
through 4x4 muiltiplier

« Smallest clock cycle
period 24ns for pipeline.

« Max frequency 42 MHz.

» 8500 transistors

(excluding the pad frame)
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What We Have Learned

« Coordination and cooperation!
» Always keep yourself on schedule!
* Learn fast and apply what you learn fast!
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Thec

Go, Elecd22!
Go, AMD!
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