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Introduction

» Techniques presented here used in two pixel
ASIC projects: Timepix3 and Velopix

» 256x256 pixel ASICs with 55um x 55um pitch,
designed using 130nm CMOS

» Timepix3 has been manufactured and tested
to work (characterization not fully done yet)

» Velopix is still a work in progress, but the
design is very well advanced



Pixel readout chip interfaces

Input interface
(sensor/ -
discriminators)

Pixel matrix
(active area)

Periphery

TFC
(reset, sync,
etc.)

Slow
control

Data
outputs
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TLM notation
i Initiator port

Bit-level
Put-interface interface ‘ Target port/export
i i

Analysis- Components

interface (agents,
Get-interface scoreboards,
i i i -
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ARCHITECTURE OPTIMIZATION



Testbench for optimization

Configuration
object

Pixel ASIC
TLM DUT

(ovm_component)

—

= TLM Scoreboard
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Pixel ASIC TLM

Pixel ASIC TLM DUT (ovm component)

Each port

specialized - Column .
for packet 0
transaction

\ Virtual w » Column
- Cd

1
router wpr

All components = Column o ~FF0
modelled as A
ovm_components.

Not all TLM ports/components shown inside the periphery.
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Transaction definition

é.S- a romrm———— -== P S ) | DR >==" | _———= o e N E

bE * @class TPEPscketTransaciion

BTt

683 class TPEIPacketTransaction extends ovm transaction:

63

70 e e L LT

T1 A0 DATA MENEERS

T2 e e L T

T3 rand int pixel address m; LA Address of fhe pixel packet.

T4 rand int slze T LA Size of the packed in Hits.

75 rand int time stamp m;: LSEA Indicates when rising edge of discriminator srrived.
TE rand int fast_time stamp m: /¢ Valuwe of the fast time siamp.

T rand int tot walue m; LA Tof fenergy) value of the Ait.

T8

79 A VALITES FoR DEBNG/SINTLATIONS {cannot e extracted From RTL DIFF)

a0 int end time stamp m; S0 Indicates when the packet was sent off the chip.
a1 int time stamp falling edge m: /AA7¢ Indicaies when fhe falling edge of discriminator arrived.
a2 int goc_time stamp m; S50 Indicates when the transscition arrived at end of column.
23

a4 S Boond

85 “ovm_object utils (TPEZPacketTransaction)

86 AAF Bendoond

a7

Each TLM port in TLM model specialized with TPX2PacketTransaction
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TLM Framework

Sequence & test library

BaseSeq

Monte

Random CarloSeq

Seq

Class TestO
extends TestBase;

set_type_override(
ChipBase, Chip0)

set_type_override(
BaseSeq, RandomSeq)

14.11.2013

class TestBase;

ChipBase chip;
BaseSeq seq;

Class Test1
extends TestBase;

set_type_override(
ChipBase, Chip1)

"xtends

Component library

ChipBase

Arbiter

Arbiter

Column

SuperPixel Pixel

Column

PeripheryBase

ColumnBus
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EoCBase

EoC
Arbitrated
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Different modeling approach (non-
TLM/OVM

module ToplLevel tb;

TopLevelSim simulation = new;

initial simulation.run () ;

List of packets

Monte Packet creator Pixel Matrix

Carlo
data Scoreboard Periphery

Packet
Pool

Constrained
Random
Data
generator

Result extraction
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Simulation main loop

VPHPacket packets[int];

virtual task run{};

fori{int 1 = U; 1 < cycles; 1++) A/ This Jlocp runs at J0AEE

begin

end

stop () :
endtask :

get _next packets(packets);
matrizx m.add packets (packets):

£ Readout from matrix slowver Lthan 40 ﬁﬁk

if{ (hunch id % COLUMN EEADOUT FREEQ) == 0) begin
matrizx m.remove packets (packets);

end

eoc_blocks m.add packetsipackets);
matrix m.write hack packets (packets);

repeat(Z) beqan // Loop runs at 50 Mz
simulate ouvtput links(packets):
end

finalize packets (packets);

Completely untimed

style

» Can use C++ as well

» Seems to be 4-8 x faster
than TLM model

Can add timing

-
++hunch_1d; by using #25ns;

T

No performance loss.



DESIGN VERIFICATION



RTL Verification Environment

Register

updater °

Configura
tion
registers

Configuration

Pixel ASIC Output

RTL DUT Trans-
actor

Virtual
Sequencer

RTL Scoreboard (hierarchical)

. Conver
ter

Output
agent




Test base class

&
class TPX3TopTestBase extends owm_test:

“ovm_component utils (TPE3TopTestBase)

bit ensble coverage m = 1'h0; Sife I zet to I, coverage iz collected.

bit vuse encoded 8B10b_owkput m = 1'h1; Afe IF zet fo I, ourput s 2A000 encodsd

bit use_timer m =1'hbl; A5 I met to I, the on-chip timer iz used.

bit verbose m = 1'h0; Sese IE set fo I, prints info during simulstion.
TPEIConfRegtap CEq_TMap_In; AAA Begisterdwenory map of 31! configuration
TPE3ATopEny EITV_TL; AAse Contains the verification environment.
TPX3ITopScoreboard scoreboacd m: £AA5 Top-level scoreboard for output packet ciu
TPE3ITopSequencer V_SeqUencer i AA5E Any sequence In mester seg 1ib can Be sta
TPE2Confiqurationtbject confiquration chject m; /450 Object for passing paramsters ind:
TPXEZSlowControlConfobject conf ohject m:

TPE3TopSeqBase chip test seq m; /7 doss not oo anyihing, override this with fa
TPX3ITimexr timer m;

TPE3PixelMaskUpdater mask updater m;

finmction new(string n=me = "chip rtl test".

super.new(rname, parent);
endfimction: new

Test base class

Actual, derived test

ovi_component parent) :

| class TPE3HardResetTest extends TPE3ITopTestBase:
“ovm_component utils (TPEIHardResetTest)

fmction new(string name = "top_reset test", ovm_component parent) :
super . new(name, parent) ;
endfimction: new

protected virtuwal functiom woid set type owerrides () ;
super.set type overrides():
set_type override by type (TPX3TopSeqBase: :get _type(), /7 Base &y
. TPESTopResetSeq: :get_type (1) ;
i endfimction: set type owverrides
}
| endelass: TPE3IHardRezetTest



Scoreboard block diagram

o

RTL Scoreboard (hierarchical)

Black box view

White box view

2 Packet

. Control packet =
generator

scoreboard -

_ Slow control

Configura Scoreboard

tion
registers

-----

Datapath scoreboard
ErrorDB ~ PacketDB ~ Checker
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Configuration registers

Configuration registers, » Created in test class
ovi_95] et » Passed to components
inside a config object
———  To——  Output » Each register is an
block ovin_object, has a
o T coverage model
— » Only handful of
Analog pulsing registers but > 800 LOCs
config of SV (excluding drivers,

macros etc.)

+ register typedefs
Typedef struct {...
Register package ...} PixelReg_t;
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Assertions — using macros

Define macro (makes code shorter) :

"define assert clki clk name, my propecty %
assert property (2{posedge clk name)’
dizable iff f(reset == ACTIVE)®

my_propercty )

Usage 1in RTL code:

A2 FTRD must never be full when write signal is High, *7
“assert clk(fifo wclk, write |-» [full);

At FIFQ must never bHe empiv when read iz high, */
“assert_clki(fifo_rclk, read |- lempty);

Source: C. E. Cummings. SystemVerilog Assertions Design Tricks
and SVA Bind Files. 20009.



Assertions cont’d

. Define macro first:
v “define prop sigl stable when sigl changes(clk name, rst name, sigl, sigl)h
| property %

i B(posedge clk name) ™

I dizsabhle 1ff (reset == ACTIWVE)>

I srose(sigl) |- (sigl == Spastisigl)) 1 (sigl == Spast(sigl))™

- )

EUsage in RTL code (1nside module, cutside always-hlocks):

iassert “prop_sigl stable when sig0 changesi(clk, rst, req, data_out):

ERROR. Data
ERROR. Data changed changed 1 clock
1 clock before req. after req.




Scripting flow

System
Seguence Test library + Top-level Verilog
library verif. environment modules code
IUS compilation IUS simulation scripts
scripts -one per module Simulat
imulator

Shell

Coverage

regress.pl
.[regress.pl

-fius_script.f PERL
-t test_list_N. script

work_dir0

work_dirl Master log file

Simulations

logs

Run Oog file

Test list Test list

"""" N Run N log file Results
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Concluding remarks

> Few use cases of SV + OVM have been
presented

» Modeling of a pixel chip
» RTL verification: Testbench structure using OVM

» Plan is to move to UVM for Velopix (and
maybe change the high-level model from
TLM/OVM to pure SV)

> Use assertions!



THANK YOU FOR THE ATTENTION!



