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About Introspect Technology



INntrospect Makes Tools for Engineers

ADDRESSING GAP IN TEST EQUIPMENT AVAILABILITY

 Bench-like accuracy and precision * ATE-like speed
 EDA style scripting  Highly parallel

+ Software-style regression and versioning + Designed for automation
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We Test Electronic Interfaces...

IR RANGE
IMAGE FINDERS

SENSORS 7 7 | DISPLAYS

MOTION SENSORS,
MICROPHONES,
SPEAKERS

POWER
MANAGEMENT ICs

APPLICATIONS
PROCESSORS

RF ICs .
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We Act as a Link Partner / Exerciser...
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And We Probe a Live System
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Company Facts

* Founded in 2012
« Offices in Montréal, Québec and Vancouver, British Columbia
* Global, outsourced sales and distribution channel
» Manufacturer of capital equipment used in the design validation and mass production testing of electronic
components that contain high-speed communications interfaces
» Smartphones
» Personal computers and tablets
* Augmented reality headsets
« Automotive systems and self-driving systems
 Data center server racks

» Medical equipment
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Scope of This Presentation



Validating Memory Interfaces
DDR5 MRDIMM

) DB data bus

DRAM data bus

DB command bus

DRAM command bus

RCD command bus

g MRCD

77\
° Using the above typical DDR5 DIMM architecture, we will highlight the inGrospecet
memory interfaces that are tested by Introspect Technology N Fechnoloy



Transmitter Interfaces
DDR5 MRDIMM
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DB data bus A
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b8 command bus
— DRAM command bus
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RCD command bus‘
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Recelver Interfaces
DDR5 MRDIMM
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DB data bus !
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RCD command k_pus
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g MRCD
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Validating Control\er Components

Host
Controller

g
_ Data I/O

o

77N\
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Validating SidebandBus Components

N\

"n r
[ All 12C/13C interfaces on both the host bus and the local bus } I\l?/oscgcﬁig




ATE on Bench Architecture



Replace the AT

= for DDR Testing

Complete training, shmooing
capability on all pins
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SV7C-17 ATE on Bench

DEVELOPED FOR DDR/LPDDR/GDDR INTERFACE TESTING
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ATE on Bench

DEVELOPED FOR DDR/LPDDR/GDDR INTERFACE TESTING

AUXILIARY GPIO
Provides a host of
secondary controls (e.g.
triggers, flags)

16 TX CHANNELS

Per lane jitter and noise injection
Per lane slew rate settings

Per lane skew control

Per lane voltage control

16 PATTERN
GENERATORS
Aligned on power up
Protocol-configurable
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ATE on Bench

DEVELOPED FOR DDR/LPDDR/GDDR INTERFACE TESTING

CAPTURE AND
ANALYSIS

Eye diagrams and BER
Parallel digital capture
Analog capture

16 RX CHANNELS
Per lane phase control

Per lane voltage
threshold

.'71"
©
[
C€)
©E)
ccf
© |
)
COR
©

16 ALIGNED
RECEIVERS
capable of measuring
tx skew
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Single-Lane Pin Electronic Driver

Clock
Synthesizer

IA
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All Drivers Work as a Bus
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Single-Lane Pin Electronic Recelver
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All Recelvers Work as a Bus
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Size lllustration (DDR and GDDR
Component or PHY Test

incrospect

DDR5
DIMM/RCD
TESTING
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Typical DDR5 Test Benches

DRAM MRCD/RCD CONTROLLER

DQSOt/c
Bidirectional DQI7:0] » Test Board | oacanzol DQSOt/c
. Tx[1 —
Kit DQSIt/C T\[MN] CAl0) QACSI0] Ref Clk Trigger Bidirectional |HEeNEE
P ALK - N + »
B Csiol QACK Kit DQSIt/c
Tx[3:2] ——
(1] QH(’A[H 0] Rt
(o] gecsiol Rl SV7C
Ref Clk Trigger QBCK R0l Ref Clk Trigger Controller+
ck ] ALERT QACSII] " K PHY
TX[O] > QLBD QBCS[1] CAI30]
CA[13:0] T oReT il
TX[14:1] > | | Oues RS -
TX[15] CS N SideBand Bus BRST 8D
LBD BCOM(2:0] LBS
RXI0] LBS fC Trigger BCS syrc X
SV7C  RX[] | RST
Test Board
RST

Test Board
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-volution to HS Memory AT

- — M Series

DDR5 RDIMM Setup

Enclosed System to Hide the
Cables and Increase Performance
7\
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M Series Variants

COMPONENT TESTER COMPONENT TESTER MODULE TESTER

GDD7 PAM3 LPDDR5/LPDDR6 DDR5 MR-DIMM / SO-
: : DIMM / U-DIMM
World-first PAM3 interop test on

February 7, 2024 (with leading :
memory maker) INGrospect

Gechnology



Example: GDDR7 4-Channel System

Low speed RST GPIO

N\
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Memory and Component
Testing



Memory Device Testing

PHY LEVEL TESTING

Virtual
Memory
Controller

Adjustable voltage and timing parameters on all pins

M5512

(including jitter injection)

GDDR7 PHY GDDR7

FUNCTIONAL TESTING

Protocol-compliant stimulus for all memory commands

FUNCTIONAL STRESS TESTING

What are the limits of the device? Verify functional
behaviour while pushing command timings, data rate and

other parameters out of spec

|
Error handing N ‘ I ) < m CRC / Parity
Y I ERR r'y
| (1.75 Gbps) |

PHY CA

PLL/DLL
Oscillator M CLK

| t/WCK_c as SDR

RCK_t/RCK ¢

(7 GHz)

|
|
| fm———— = — -
b3 >t r— > b o
]
(3 L | CA[40] | £ ]
1 (7 Gbps) L ___——ft___ |
: : CADT Alignment
: | 14| cra
] )
’ 4 | — CKA(int.)
_________ I WC(K?_gafC)K_c | 1/2 Loa
I Z I -
Clock Phase | | | READ/WRITE Training
Controller |1 | Alignment
| | ————— - —_———_—X
<7 Ly i |
PHY DQ M > T ) D Q I
| | AN I
I DQ[9:0] 1
|1 (28Gbps I DRAM |
I} or ' CORE |
| I 14Gbaud) 1 |
| |
FIIY DQ N ‘ (! V ‘ a ok |
aN | | | N
I I |
(! T P |
Clock Phase [ 1
Controller | : :
< L o RCK
| | ~ Gen.
I I
| |
1 ]



Memory Controller Software (GD7 Example

7 PDR Components gddrController1 < Procedure
‘Hé) j E::E:::;”er gddrChannelLabeling’ deviceSerialNum 1234 ; gddrControllerl.run ()
& LpDramController 141 gddrParams1 memBusesUnderTest ABCD A4 4 gddrControllerl.sendMrs(13,128)
141 LpDramParams 711 gddrPhyParams phyParams gddrPhyParams1 hd
141 LpPhyParams 4" pam3Protocol gddrParams gddrParams1 AV
141 PhyParams rxChannellLabeling gddrChannelLabeling1 N
= RedController txChannelLabeling gddrChannellLabeling1 N
141 RedParams calibrateZq True N
+& RdimmController trainingDataCaPhase auto N
2 GddrController caPhaseTrainingNumStepsPerUi 32
141 GddrParams trainingDataCaVref auto hvd
11 GddrPhyParams caVrefTrainingStepSize 1
7100 DdrDataCapture trainingDataReadVref auto N
=] DdrDbCommandPa... trainingDataReadPam3EyeOffset | auto N
DdrDramCommand... trainingDataReadPhase auto Y

inGrospect
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Memory Controller Software (G

i
@_

C

~ DDR

=< DramController
rt+ DramParams

711 DramPhyParams
«%° LpDramController
11 LpDramParams
11 LpPhyParams

11 PhyParams

«%* RedController
11 RedParams

«%* RdimmController
=%5° GddrController
111 GddrParams

11 GddrPhyParams

7100 DdrDataCapture

DdrDbCommandPa...
DdrDramCommand...

Components

gddrChannellabeling1

% gddrControllert

111 gddrParams1
1+ gddrPhyParams1
4 pam3Protocol

gddrController1
deviceSerialNum
trainingDataFolderPath
memBusesUnderTest
phyParams
gddrParams
rxChannellLabeling
txChannelLabeling
calibrateZq

trainingDataCaPhase

caPhaseTrainingNumStepsPerUi

trainingDataCaVref
caVrefTrainingStepSize

trainingDataReadVref

trainingDataReadPam3EyeOffset

trainingDataReadPhase

1234

ABCD

gddrPhyParams1

gddrParams1

gddrChannelLabeling1
gddrChannelLabelin
True

auto

32

auto

1

auto

auto

auto

<<

<<

<<

[ S

D7 Example)

gddrPhyParams1
dataRate 16000.0
Pro{  caviow 2500
gdl  dqViow 2500
wekVLow 2000
9 caVHigh 650.0
gd
dqVHigh 650.0
rxVrefinitialValue 600.0
wekVHigh 600.0
gddrParams1
readlatency 19
writeLatency 10
writeCrc False N
readCre False N
cabi False N
vrefDgllnitialValue 100
vrefDghlnitialValue 100
wrCrc2Err 10
dgeRL 1
dgDgeRckDriverStrength term400hm N
dgDgeTermination termOff N
errDriverStrength term400hm AV
calUpd allEnabled N
sev2Err False N
dgeHighZ False N

[(=laa




Driver Performance — 32 Gbps

EJ TDR (k-n1000a-00280) - RealVNC

KEYSIGHT File

[m] X
o Setup Measure Tools Apps Help

ﬂg TDR (k-n1000a-00280) - RealVNC Viewer = O X
sty Stop Single Clear . .
]
waverorm (>
o

oy e KEVSIGHT File Setup Measure Tools
L ]

Auto Run
fsot Stop  Single | Clear

Waveform (>

j
]
|
|
|

[ I\

LA

1

L
-
] ‘N‘»
(1

Front Pa

Pos: 16.12000 ns S
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DQ
DQ

Pattern Generation Architecture

HOLD PATTERNS DRIVE IDLE STATES IN BETWEEN PATTERN SEQUENCES

S

D G 13 0 A R 'Y

\ J\ J \

d1// )( d15?)( d165/

\ do )( d1// )( d15?)( d165/

)

Y

busPatternTimeline.addPatterns (burstPattern, 1)
busPatternTimeline.endWithPattern (‘HoldPattern’)

busPatternTimeline.
busPatternTimeline.
busPatternTimeline.
busPatternTimeline.

Y

addPatterns (burstPatternl, 1)
addPatterns (idlePattern, 1)
addPatterns (burstPattern2, 1)
endWithPattern (‘HoldPattern’)
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Pattern Generation Architecture

IN BETWEEN PATTERN SEQUENCES...

bpes__/ -« jJg/ “J ) —Jygs/ -7  J  J/
DQ \_do ) d1// Yd15)(d16/ // — \Ldo ) d1// Ya15)(at6/ \_do ) d1// \(d15)(d16/
| I\ J1 ]
Y

Start jitter injection on WCK...
Modify signal voltages levels on CA...
Control timings between DQ signals...

Change slew rate on DQ signals...

IVA
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Tuned Virtual Memory Controllers

DDR5 DRAM

Used to connect to a single
DDR5 DRAM

Component test paradigm

RCD/MRCD

Used to connect to a single
RCD or MRCD device

Component test paradigm

RDIMM/MRDIMM

Used to connect to an entire
RDIMM

System-level test paradigm

LPDRAM

Used to connect to a single
LPDRAM memory

Component test paradigm

GDDR

Used to connect to a single
GDDR memory

Component test paradigm
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Transmitter Characterization

* Clock to data skew measurement | zm_:ﬁ\ 7 f,__:

- DQS to DQ o R ¢

. CKto CA £ : :

+ BCK to BCOM ] I 1]
* BERT measurements on clock and data B TS TTER IR =

» Long duration error rate tests DQS and DQ jitter measurement

Analog Data Capture (64 bits)
T T

» Eye diagrams
» Jitter measurements

« Slew rate measurements

Voltage (mV)

L 1 L ! I 1 I L
1000 1500 2000 2500 3000 3500 4000 4500
time (ps)

DQ to DQS skew measurement N\
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Recelver Characterization

* Requires support of different loopback/training modes or uses write and read commands

« Measure horizontal and vertical eye opening at receiver while applying different stressors
* Jitter sensitivity — clock to data skew
+ Voltage sensitivity

 Stressed eye

CK ——

DRAM

CA ——

g
= 15e+08 |-
/——\ )

Increment BERT measurement
CA delay of CA loopback

"~

T . s - - e 7N\
csPhase -
introspect
\/ technology
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Example Recelver Stress Test Result

Rx Jitter Sensitivity Test

107 4

N -

1071 4
1072 4

1073 3

BER

107% 5
107 3
1075 5

1 —— Normal Bathtub
10773 —— jitter Bathtub

—6I{]l‘.}l —4Il‘.]ﬂ —EICIU EI] E{I]"D 41;}{] EI[IZID
Phase Shift (ps)
7\
incrospect
\/ technology




Functional Testing

» Perform pass/fail checks of device behaviour under normal test conditions

» There is a wide variety of tests in this category, that can be roughly categorized as follows
 Functional mode tests — E.g. Training modes, power down, DDR/SDR operation
* Input spec checks — E.g. Mode register writes, MPC commands

 Output spec checks — E.g. QCS operation, output inversion, Qx output delay

MODE REGISTER WRITE TEST EXAMPLE

Send MRW commands to RCD —— Read RW contents over sideband bus

PASS if read and write data match
FAIL if no match
7N\
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Host Controller Testing



Controller Testing

» Supports TX testing of command and data bus

* (Clock to data skew measurements

Command Address

» Eye diagrams, BER measurements etc...

« Supports RX testing of data bus using flexible pattern
features and analog impairment controls. Requires
loopback outputs, built-in error counters, or similar Data and Strobe
test mode in the host controller.

There is no formal
JEDEC spec for the
memory controller, so
test conditions and
pass/fail requirements
are not defined.
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DQS
DQ

Pattern Generation

HOLD PATTERNS DRIVE IDLE STATES IN BETWEEN PATTERN SEQUENCES

)

\ d0 )( d1// )( d15?)( d165/ J \ d0 )( d1// )( d15%)(d165/ \ d0 )( d1// )( d15?)( d165/
\ J I\
Y Y

busPatternTimeline.addPatterns (burstPattern, 1)
busPatternTimeline.endWithPattern (‘HoldPattern’)

busPatternTimeline.
busPatternTimeline.
busPatternTimeline.
busPatternTimeline.

addPatterns (burstPatternl, 1)
addPatterns (idlePattern, 1)
addPatterns (burstPattern2, 1)
endWithPattern (‘HoldPattern’)
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Pattern Generation

IN BETWEEN PATTERN SEQUENCES...

s/ [/ [\
DQ \do X\ a1 Yd15)Xdt6/  J  \do ) d1] ¥d15)d16/ \do \— a1 d15)d16/
\ J\ J | J
Y
Start jitter injection
Modify signal voltages levels
Control timings between signals
Change slew rate
N\
introspecet
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Timing and Voltage Control

PER LANE PHASE, AMPLITUDE AND COMMON MODE SETTINGS

inGrospect

technology




Transmitter Skew Measurement

MEASURE CHANNEL TO CHANNEL SKEW

Detect and measure DQ to DQS delay

f“l’”u\ \./’\v—-,ﬂalxw—}“"&f‘v”‘w‘—I“"n\x’\""\m’hﬁ-‘b\}q"“\ | flL 4 £ “'I'LJ ‘ PSS "MV I f"ﬂ*‘l“g I MV
M ;V‘{ > G i, // ‘;' {/"_\ ; 2, W I 200 | ;)‘f\, / T \\ ;,I* ™y [r:\? / o 'T,\ ,/ J_!'Y—"\ i
/ ! \ } / \ } X / \ ' \t, / \' / ,-/ \ / \’ AR\ f / X\ [/ \
\ sf / [ \ owf | \ | |

Yoltage (mY)
Voltage (mV)

| - 1 1 [\ /| \ ([ 1
\ / \ \1 , 5, F \ / \ \ / i\ ¥ \ {"I}
\ J& \ }f \ / \ \ [ UE | K'* — | ;/4— \ / \ } \fk‘ | / 1.1 \ f! f \_
| | ; |
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Voltage (mV)

Transmitter Skew Measurement

VIEW PATTERN ALIGNMENT ON A SINGLE CHANNEL OVER TIME

DQS position is constant

T T T T T
200 | ,..x”“ﬁ“\ ’,-"""»"\\ P M\L
/o " \
" \ / \ / \
wf—— A [
\ | \ | \
0 ’ 1 f ‘;#
‘( 1
‘ ( 1 1’ \
E | \ | w |
-100 |- “‘ ’A \‘I ‘,‘ Q‘ }
\ \ | \ '
\ f \ \
\ f \ | \ /
200 \\ | L’n‘ [.' 3 |
‘ \ /
s I\, = j /
300 I 3 I I 1 |
0 1 2 3 s 5

time (UI)

Voltage (mV)

! ! | B W | I L o
VAN S9N A AN W v W A \J
200 |- ‘f" \ 'y ]
f \ f
] \ ‘ {
f \ | { f
100 |- ! \ i \ { ]
J | | 1 )
{ | | ! |
] 1 I J
f | | | [
| \ f
{ 5 ! \
ol q ] h \ ] ‘\v “A R
{ ’I | | |
| \ { l‘ {
| | / /
-100 |- { \ f \ / N
| J | |
{ | >,‘ |
1
200 [ / \ ]
\ | \ 4
A “\
\ / b.;-f‘ 5l e . Vv
300 LYY | ! ! I I I I I 1
0 1 2 3 4 5 6 7 9 10 1
time (UI)

DQ position has changed
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BERT Measurements

Eye Center: (-7ps, 12mV) Ul Midpoint: -9ps Width: S3ps  Height: 400mV Eye Center (67ps, 15mV) Ul Midpoint- 76ps Width: 5lps  Height: 240mV
Eye Diagram BER Plot Eye Diagram BER Plot

BER Plot: channel 3

BER Plot: channel 3

400

300

200

0.35 |- o

0.3 o

voltage my
voltage my

-100 0.25 |- o

-200

-300

-400

-150 -100 50 0 50 100 150
phase delay (ps)

-150 -100 50 0 50 100 150
phase delay (ps)

Eye diagrams across different transmitter slew rate settings
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Burst Mode Digital Capture

CAPTURE AND FILTER OUT BURST DATA

Bts  Analysis Bursts
Channel Burst# Offset Status Bits
DQS || 1
0 2 good 1010101010101010
1 |66 good 1010101010101010
2 1130 | good 1010101010101010
3 194 good 1010101010101010
4 258 good 1010101010101010
DQO || 2 '
0 2 good 0111011000110000
1 66 good 0101000010100100
2 | 130 good 10011001010110100
3 | 194 good 0111011000110000
4 258 good 0101000010100100

-'A
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Triggered Digital Capture

ONE-SHOT TRIGGER ON COMMAND AND CAPTURE DATA BUS IN PARALLEL

Bits  Analysis
Channel Bits (chunkSize=89)
01010101010101010101010101010101010101010101010101010101010101010101010101010101010101010
01101111111111121311111111131111111117111111111273111111111171111111117171311111111713137171111111
0000000000000000000000000000000000000000000000000101010101010101010P0O00O0O0O0O0O00000000000000
00000000000000000000000000000000000000000000000000Q0110010010001101pP0O0O0OO0O0O0O0O0O00O0O0O0O00O0O0C00O0
ooooooOO0O00O0OOOOOOOOOOOOOOOOOOOO0O0O0O0O0O0O0O0O0O0000000000000110011011010110p0O0O0O0O0O0O0O0O0O0O0O0O0O0O00O0O0000
oooo0OOO0O00O0O0OOOOOOOOOOOOOOOOOO0O0O0O0O0O000000000000000000010110010111010p0O00O0O0O0O0O0O0O0O0O00O00000000
00000000000000000000000000000000000000000000000000QJ0011101011010101pP0O0O0O0O0OVO0O0O0O0O0O0O0O0O0O0O00O0OO
oooooo0OO0O0Q0O0OOOOOOOOOOOOOOOOOOOO0O0O0O0O0O0O0O0O0O0O0O0O00000000Q0000011011010001p0O0O0O0O0O0O0O0O0O0O0O0O0O0O0OO0O0O0O0OO
ooo00000O0000O0OO0OOOOO0O0O0OOOOO0O0O0O0000000000000000000000110110010001110pP0O00O0O0O0O0O0O0O0O0O00O00000000
0000000000000000000000000000000000000000000000000000010100010111010pP0O0O0O0O0O0O0O0O0O00O0O0O0O0O0O0O00O0O0
ooooooO0O00O0OOOOOOOOOOOOOOO0OO0OOOO0O0O0O0O0O0O0O0O0OO0O0O0O0O0O0O0000100211111 011101 P0O0O0O0OO0OO0O0O0OOO0O0O0OOO0OOOO

CK
CS

Data
Bus

W00 =) oy U s W

(=
(=

[
l—l
[

BitCffset: |0 le< << < || > || >3 >3]
| | | | |

. FAnd. || > [JShowRelativeOffsets ~ AutoMign  Compare..
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Continuously Triggered Capture

KEEP TRIGGERING ON COMMANDS (PROTOCOL ANALYZER)

Bits  Analysis

Channel Bits (chunkSize=89)
CK 1 01010101010101010101010101010101010101010101010101010101010101010101010101010101010101010
CS 2 0o011p1113131131111131133131311111112113131111111121211111711171171111111117311711111111713131711171117113131331171
— 3 oooo0000000000000000000000000000000000000000000000101010101010101010pP0O0O0O0O0O0O0O0O0000000000000
4 0000000000000000000000000000000000000000000000000000110010010001101pP0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O00V0O00
5 ooooo0OOOOOOOOOOOOOOOOOOO0OO0O0O0O0O0O0O0O0O00D0000000000000000110011011010110p0O0O0O0O0O0O0O0O0O0O0O0O0O0O000O00O00O
Dat 6 ooooo0O0O00OOOOOOOOOOOOOOOOOOOO0O0OOO0O0O0O0O0O000000000000000010110010111010p0O0O0O0O0O0O0O0O0O0O0O0O0O0O0000000
ata_| 7 0000000000000000000000000000000000000000000000000000011101011010101p0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0OOOO
Bus 8 ooooo0OOOOOOOOOOOOOOOOOOOOO0O0O0O0O0O0O0OO0O0O0O0O0O0O000000000000000011011010001pP0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0OO0OO
9 oooo00O0O00OOOOOOOOOOOOOO0O0O0O0O0O0000000000000000000000000110110010001110pP0O0O0O0O0OO0O0O0O00O0O0O0O0O00O00O00
10 0000000000000000000000000000000000000000000000000000010100010111010pP0O0O0O0O0O0O0O0O0O00O00000000O00
- 11 ooooo0OOOOOOOOOOOOOOOOOOOOOO0O0O0O0OO0OO0OO0O0O0O0O0O0O0O0O00000000100111121021301pP0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0OO0OO

BitOffset: le< << < > - >> >3]
P ] [ ke || [« > || I

. FAnd. || > [JShowRelativeOffsets ~ AutoMign  Compare..
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Recelver Characterization

 Requires support of checking errors within the memory controller component

« Measure horizontal and vertical eye opening at receiver while applying different stressors
* Jitter sensitivity — clock to data skew
+ Voltage sensitivity

 Stressed eye

DQS ——

DQ ———

Feedback

g
= 15e+08 |-
/——\ )

Increment BIST BERT e tess |-
DQS delay Measurement

"~

T . s - - e 7N\
csPhase -
introspect
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Recelver Characterization Using BIST

» Two-step receiver characterization based on
memory controller BIST mode

* In the first step, the BIST is enabled to perform
infinite write/read operations or infinite read
operations

Command Address

* In the second step, the SV7C is programmed in
Python to prepare the read response data and
then transmit it

e Pre-program read

.Cont.m”er todo responses and read timings
infinite read inside SV7C-17 and send
operation with BIST the data with impairments ~

checker :
incrospect
\/ technology

Data and Strobe

0 Configure memory




Protocol Analyzer + Interposer
Systems



DDR5/LPDDRS5 Protocol Analyzer

ANALYZER INSTRUMENT

Remote Sampling
Heads (Up to 32
Same exerciser Channels)
hardware but with
a license for

protocol analyzer

inGrospect

Gechnology



DDR5/LPDDRS5 Protocol Analyzer

INTERPOSER SYSTEM

Interposer system
(example shown is
PoP LPDDR5)

Remote Sampling
Head (multi-channel
active probe)
connected to
oscilloscope

-A
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oomed View With All Pins Probed

w

;‘70\‘ S
) 120708 gs01001
o\o\l‘l’”.‘/
—

inGrospect
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Probed Waveform Visible on Scope

WY ey

Real Device
Waveforms

Controlled
Impedance

Cable
RSH Interface

inGrospect
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Example Evaluation Board

Tip
attachment
cable
connectors

)
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DDR5/LPDDRS Protocol Analyzer

FULL PROTOCOL ANALYSIS

@ DDR Data Capture Viewer: ddr_test / ddr_test_target — O >
4 Bursts, 38 Commands, 11 Timing Violations

Bursts Commands

Open Result Folder

Command#  TimeStamp Burst# Name BA BG C ~
Command Selection 0 a ACTI A
GoTo: Next | |Command# v 1 16 MRR
2 a8 ACT2
Command #2: Details 3 256 ACTI 8
Name: ACTIVATE-2 4 280 ACTZ2
Bits: Argument Value
. 5 384 RD A 15
CS CA23456 R 12 6 208 PRE A
11 1100000 7 416 RD 8 15
11 0101000 -
@ Help: Timing Definitions *
Command #2: Timings The timings are computed between the selected command and the reference commands as shown in the example below
View Timing Definttions
Command®  TimeStamp  Burst# Name
Ref Command Value Min Max Unit Symbol . 0 8 ACTI
Timing between 1 1 MRR
0(ACT1 20.0 - 8.0 CK tAAD
( ) n commands 3 s ACT2
4(ACT2) 48.0 10,0 - nCK tRRD 3 256 ACTI
3 (RDY 740 36.0 - nCK tRCD Command 50: Timings I
& (PRE) 80.0 24.0 1.40e+05 nCK  tRAS View Timng Definiion |
Ref Command Value Min Max Unit Symbol I
2{ACTY) 20.0 - 80 niCK tAAD
Symbol Description I
tAAD Delay between ACTZ and ACT1
tRRD Delay between ACT2 and ACTZ (diff. bank)
tRCD Delay betwen ACT2 and any read/write/maskedWrite cormmand
tRAS Delay between ACT2 and PRE (same bank])

[30 732 WIRWT /\
El| 2320 MRW2 /
2 2408 MRW1 1
33 2576 MRW1 Inbr‘osper
o nen paman hd \/ technology

Bursts Tab: To zoom in, left-click on the plot. Minimum window-length is 8 bits. Next Tip



SV6E-X SidebandBus
Controller and Tester



E SERIES FEATURES

SV6E‘X — |3C I—icense * Two banks of 10 channels each

Mid-Frequency Digital Test Module * 200 MHz operating frequency

« Two programmable, high-current
power supplies

i |
\__/ dechnologs *  PurVue Analyzer™ technology on
& any channel
BENEFITS

SCi GND
SDA GND
SCI GND
SOA. GND
SCL, GND
s GND
SDA, GND
scL, | ano
SOA, | aND

»
&y Tl
!

» Supports I13C, I3C Basic, JESD403,
RCD, PMIC, SPD Hub, DMTF, MCTP

,@ PurVue Analyzer™

OVERVIEW » Enables high-performance testing
compared to other solutions

Multi-Purpose Protocol Exerciser, Protocol analyzer, real-time oscilloscope :
» Replaces racks of bench equipment

Can be licensed for different mid-frequency digital protocols (I3C shown here) or PXI test systems

. /\
introspect
\_/ technology




Detailed Protocol Analyzer View

Ca Dtu reé SUMM AV a10pHy states. 24 13C States, 2 Messages

Go To: | Timestamp...

Powerful
v FsM search

PHY  I3C States Messages
ID | Time (us) Description Param | PHY States | Duration (us). Message | ."
0 0000 |DELIM_BUS_IDLE 000 00 (1) 0.825
1 HJ_ADDR A 1
Precisi 2 HI_ADDR_ACK Dynamically
recision 5 cameusioE -
. 4 SDR_BCAST_I3C_WR d d_] u St
tl me Sta m pS 5 SDR_BCAST_I3C_ACK 1 t| m | ng
6 SDR_BCAST_CCC .
7 SDR_BCAST_CCC_TBIT d la g ram
8 DAA_SR \ 4
9 12520 |DAAIXC_BCAST RD |OFD  |69:67 (19) |2000 7 | Span based
H uman-rea d a b | e | 14520 | DAA_I3C_BCAST_ACK | x00 (8850 @ 0250 7 | |
. 11 14770  |DAA_SLV_INFO_BD xAA 91-114 (24) |2.000 A 7 on se eCted
event lists 12 [16770 |DAASLVNFO_B1  |GAA | 115138 24) 2000 PA . +
13 ‘13,7?0 |DAASLV_INFO_B2  |0xCA [139-160 221 | 2000 e | events
14 |20770 |DAASLV_INFO_B3  |O«FE | 161178 (18) |2.000 e
. 15 22770 | DAA_SLV_INFO_B4 xBA 179-200 (22) |2.000 7
Hype rI In ks to 16 |24770 |DAA_SLV_INFO_B5  |xBE | 201220 (20) | 2.000 A s
H 17 |26770 |DAA_SLV_INFO_B6 | (x0A | 221:240 (20) | 2.000 P
togg le VIEWS 18 28770 | DAA_SLV_INFO_B7 (xBE 241-260 (20) | 2.000 7
19 30770 |DAA DADDR 0x10 261-278 (18) | 2.000 Zz =
PHY States 168 7’ R

3.5

45 5 55 6 6.5 7 7.5 8 8.5 k] 9.5 10 10.5 " 1.5
relative time (us)
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Powerful Scripting and Logging

Hot Join Example

File  Edit [IESP/MIPI_ISC_EXERCISER ~ Wizards ControlPanels Tools  Results  Help
Params Log Results

Resetting all dynamic addresses on bus...
Lzsigning dynamic addresses...

Ho dynamic addresses were assigned during DAR
Master DAL Takle (0 entries)

SUCCESS: Cffline slave device successfully joined the bus...

Interrupt Example

3
Eeading Bus Characteristics Register for slviddr=Z...
Bus 0 Master : Read BCR as [€] from slvAddr 2

SUCCESS: IBI request was acknowledged by the master...
IBI regest was not acknowledged by the master...

Mastership Request
Example

IBI regest was not acknowledged by the master...
IBI regest was not acknowledged by the master...
IBI regest was not acknowledged by the master...
IBI regest was not acknowledged by the master...
IBI regest was not acknowledged by the master...
IBI regest was not acknowledged by the master...
IBI regest was not acknowledged by the master...
IBI regest was not acknowledged by the master...

Querying master for list of interrupts...
Beceived the following interrupts...
[{"interruptType': 'HJ', 'masterhcked': True, "masterDisabledFuture': Falsel},

True, "hasIbiPavyload': False, 'ikiPavloadSize': 0, 'ibkiPavload': Nonell]
SUCCESS: Slave was akle to become master...

DaAA Table (1 entries)
slvAddr=8, {'hasStaticRAddr': False, 'provId': 1, 'ber': &, 'der': 0}

Test finished

‘. Fun

{"interruptType': '"IBI', 'slavelddr': 8, '"masterfcked': True, 'masterDisakledFuture':

-A
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SidebandBus Controller Component

Add Remove

Corfig

Specifies whether a call to "inttializeBus” is part of "setup()” (and "update™). ¥ "autolnitBus™ is False, you will need to
call "intialize Bus()" in the Test procedure after the call to "setup()”. f you are using a slave Device component as w...

Components sidebandBusController1 properties (class: SidebandBusController)
idcBus
i3 DataCapture st.artup State master
i 3cProtocol hid 3
jedecSlaveDevice 1 autolnitBus True
jedecSlaveDevice? pecEnabled False
jedecSlavelevice 3 masterModeParamz  masterParams1
jedecSlaveParameters 1 bus idcBus
jedecSlaveParameters2 codeForConfig # Define some names for the slave addresses:dtisByName = { SPD: 01010,
jedecSlaveParameters 3
masterParams1
sideband BusController

autolnit Bus

-A
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Example of Set Bus Config

13C DataCapture: Run_2021-03-26_1021 / i3cDataCapture (i3cBus) (o= =]
2867 PHY States, 303 |3C States, 42 Messages
Go To: |  Timestamp... ~ Times: |relative ToStart w | FSM
PHY  13C States Messages
] Time {us) Description Faram PHY States  Dwration fus) Message [
7 499873.290 | DELIM_BUS_IDLE 0<00 298-310 (13) [599993.320

1033366610
1095886620
1095389.120

1093305.140

1093311.640

1033931.650 | SDR_BCAST_WR_TBIT
L 1099934.150 | DELIM_BUS_IDLE =00 371-374 {4) |29996.820 W
FHY States 311-270

[\ 10 20 30 40 50 60
relative time (us)

-A
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Example of SETHID

I3C DataCapture: Run_2021-03-26_1021 / i3cDataCapture (i3cBus) == =]
2867 PHY States, 303 13C States, 42 Messages
Go To: | | Timestamp... e Times: |relative ToStart ~ | FSM

PHY  I3C States Messages

0 Time {us) Description Faram PHY States  Duration (us) Message L
41 112%558.510 | DELIM_BUS_IDLE =00 434-438 (5) |29913.8%0

1155912 400 | SDR_BCAST_[3C_WR

1155932 410 | SDR_BCAST_|3C_ACK

1155934 920 | 5

1159954.930 | SDR_BCAS
1159957 430 | SDR_BCAST_WR_DATA
1159977.440 | SDR_BCAST_WR_TBIT
43 |1159979.540 | DELIM_BUS_IDLE 000 502-506 (5) |39892.840 v
PHY States 439501

20 30 40
relative time (us)
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Real-Time, Single-Shot View of Signals

 I3C PurVue Analyzer™ embedded real-time oscilloscope license provides a real-time, single-shot view of all I3C signals

* It eliminates probing hassles with conventional scopes (attachment issues, cost issues, EMI issues) and completely
eliminates the need for using a conventional scope

Times: |3.2'I]-5.ﬂ3 | relative To Trigger ™

() Time Cursor
(@) Voltage Cursor

| Browse Mode |

200 ! | ! | ! | ! I

T " T " T ho

=

sDA woltage (mi)
=]
I =l

4.2 4.4 4.6

relative time (us)

4.8 5

OAANnr

annnae

nn.nn

3]

[
1

JUUUUU

SCL woltage (mh)

i

i

relative tlme (us)

Pristine signal
measurement is shown
here where there are no
artefacts due to the
probes picking up noise
from Wi-Fi or RF signals
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Why? Because Probes Are Antennas

File  Edit  Utility  Help File  Edit
Waveform View Add New... Waveform View Add New...

Cursors | Note Cursors | Note

Measure | Search Measure | Search

Results

A A AA h . Results
A AN AANYVY i\ ¥ N ¢ y Ay Table Table | Plot

Plot
Meas 1
Mean

- 627.3 mV.

Meas 1
Mean
MAAA A i MAAN ¢ , ' 1.507 V.

Meas 2 Meas 2
Amplitude Amplitude
': 480.2 mV ' 1.004 V.
)

Amplitude Amplitude
" 920.3 mV " 1.009 V

@

cha Math 1 —_ — Horizontal Trigger i(uu' on s — Horizontal Trigger Acquisition ”
500 mV/div | 500 mv/div | 1 V/div Eoelfootifodll 100 rs/div @ 154V Ruto,  Analyze 2 fosifodiiondll 100 n/div 1 ps @  720mv Auto,  Analyze

[ o Ch3-Cha At bl <R 25 Gs/s Sample: 8 bits B ARl <R: 125 GS/s 80 psipt High Res: 12 bits
1GHz “JiGHz & RL: 25 kpts 50 Acgs 18:11:43 RL125kpts ¥ 50% 0Acqs 18:24:20

Most oscilloscope probes result in too much noise pickup inErospect
The SVA4E oscilloscope is embedded into the I3C signal plane, so it has far less noise cgzhnomgg




PurVue Analyzer™ Capture

» A single component for simultaneous protocol capture (digital capture) and oscilloscope capture (analog
capture)

« Familiar user interface (the viewer is almost identical to the I3cDataCapture)

» With the PurVue viewer, users can quickly find interesting parts of the waveform since it is protocol-aware

idcPurueCapture1 properties (class: 13cPurvueCapture)

analogCapturePaort 1

digitalCapture Bus idcBus
triggerCondition privateRead
pre TriggerDuration H000

post Trigger Type numberCfFrames
1
slaveAddrForTrigger Mone
saveResults True

-A
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PurVue Analyzer™ Digital View

3C PurVue Capture: Run_2022-08-02_1516 / i3cPurVueCapturel — [ =

m

274 PHY States, 21 13C States, 1 Transactions Times: RelativeToTrigger

PHY I3C States  Transactions

(18] Time (ps) Description Param PHY States Duration {(ps) Transaction Info -~
o 0.000 DELIM_BUS FREE OO0 0-001 0.810
1 0.810 SDR_BCAST_I3C_WR OxFC 1-12 (18 1.930 o
2 2.740 SDR_BCAST 13C_ACK OO0 19-20 (& 0.240
3 2.980 SDR_CCC OucO7 21-38 (18 0.800 CCC: ENTDAA
4 3.780 SDR_CCC_TBIT OO0 39-41 (3 0.100
5 3.880 Das SR OO0 42-45 (4 1.650
] 5.530 DAL |13C_BCAST RD e FD 46-64 (19 0.200
7 £.330 DAL |3C_BCAST ACK OO0 63-66 (2 0.240
8 6.570 Das SLV_IMNFO_BO e CF 67-86 (20 1.920
9 8.490 DAas SLV_IMFO_B1 Ore2 A g87-108 (22 1.920 W

Digital Capture (PHY States 1-41)  Analog Capture

[PHY State 8]

1 4
5
]
0 b T T T T T T
l -
3
Time (ps)
0 - I : : : " : Relative
1.0 1.5 2.0 2.5 3.0 3.5 to Trigger
iIncrospecet
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PurVue Analyzer™ Analog View

I3C PurVue Capture: Run_2022-08-08_1516 / i3cPurVueCapture] - O x

274 PHY States, 21 [3C States, 1 Transactions Times: RelativeToTrigger

PHY ISC States  Transactions

[ ] Time (ps) Description Param PHY States Duration (ps) Transaction Info -
0 0.000 DELIM_BUS_FREE OO0 0-0 (1 0.810
1 0.810 SDR_BCAST_I3C_WR O FC 1-18 (18) 1.930 0
2 2740 SDR_BCAST [3C_ACK OO0 19-20 (2} 0.240
3 2.980 SDR_CCC D07 21-38 (18] 0.200 CCC: ENTDAA
4 3.780 SDR_CCC_TEIT OO0 39-41 (3 0.100
5 3.880 DAL SR OO0 42-45 (4 1.650
& 5.530 DAL 13C_BCAST RD xFD 46-64 (19 0.200
7 6.330 DA 13C_BCAST ACK e 00 65-66 (& 0.240
a 6.570 Das SLV_INFO_BOD e CF 67-86 (20 1.920
9 B8.490 DA SLV_INFO_B1 Ore iy g7-108 (22 1.920 "

Digital Capture (PHY States 1-41) Analog Capture

= 1000 -
E
< A R S .
[ 7]
= 1000 +
E UL LU T TR
E o4 Time (us)
T T T T T T Relative
1.0 1.5 2.0 2.5 3.0 3.5 to Trigger
incrospecet

Notice how only the shape of the bottom waveform changes from last slide! N\~ vechnology
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Summary

HIGHLY DIFFERENTIATED SOLUTIONS

Introspect develops parallel test instruments for high-speed
interfaces

We have created a rich portfolio of solutions for source-
synchronous and DDR interfaces

Our solutions can be deployed at the component level and at
the module level

inGrospect
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