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(device count = 1)

A== = A look back...

!
|
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I
-
L

John Bardeen, left, William Shockley, middle (sitting), and Walter Brattain
Nokia Corporation / AT&T Archives

Science & Society Picture Library/SSPL
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High Speed Serial Evolution

MC92600 MPC8548
(1999) (2004)

IEEE 802.3ap™

Serial-ATA™ PCI-EXP™ Gen3 1 T hi
]

10.3125 Gbps 2012
(2008) (2010) o (2012)

100G Ethernet

PCI-EXP™ Gen4 . PCI-EXP™ Gen4 SATA-EXPRESS
16 Gbps 25G Test Chip 16 Gbps Zver Coppar 8/16 Gbps

(v1.0 2017) (2016) (v0.7 2015) (2014) (2013)
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Large Analog Block in LX2160

10O MM (O MMI 1O MM

Secure Boot

I'rust Zone

w

Power Management WRIOP
2x SD/eMMC

4x UART 122 Gbps

1G2.5G/ 1007 25GAA00/50G

x8 Gend PCk
\l(n\l \I( [
x4 Gens PCle

x8 Gend PCle

8x 12C DCE - 100G
SPI, GPIO, JTAG

2x USB3.0 ~PHY QB-

3x CAN-FD Man 24 Lanes @ up to 25GBd per lane

T2-bit
DDR4
with
ECC

72-bit

DDR4
with
ECC

https://www.nxp.com/products/processors-and-microcontrollers/arm-processors/layerscape-processors/layerscape-Ix2160a-Ix2120a-I1x2080a-processors:LX2160A
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Analog Blocks in $S32G2

Memory
System SRAM
Standby SRAM

DDR3L/LPDDR4 I/F
NOR Flash Memory I/F

NAND Flash Memory I/Fs

System
FCCU and MBIST/LBIST
PLLs
2 x Safe DMA

Debug and Trace Unit

Security
Hardware Security Engine

Asymmetric Hardware
Accelerators

Symmetric Hardware
Accelerators

Secure Memory

Random Number
Generators

https://lwww.nxp.com/products/processors-and-microcontrollers/s32-automotive-platform/s32g-vehicle-network-processors/s32g2-processors-for-vehicle-networking:S32G2
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Arm Cortex-M7

l-cacl  Arm Cortex-M7

Tch  l-cacl Amm® Cortex*-M7

Tchn l-cache D-cache

TCM FPU

3x Dual-core Lockstep

Serial Communication

6 x SPI 5xIkC

Networking
4xCANFD

FlexRay

USB 2.0 OTG

1-GbE w/ TSN

2xPCle3.0

Processors

Arm Cortex-A53 Arm Cortex-A53

Arm Cortex-A53 Arm Cortex-A53

L1 L1 L1 L1
|-cache D-cache |-cache D-cache

) Neon™ Neon

Shared L2 Cache Shared L2 Cache

Cluster Lockstep Option

Fabric

Safe Interconnect

Timers and ADCs

7 x Watchdog Timer

8 x System Timer

3 x LINJUART

12 x FlexTimer

2 x SARADCs (12-ch)

Network Acceleration
Automotive Networks

Low Latency
Communications Engine
Transport Layer Offload

16 x CAN FD FlexRay

Flexible Buffers

4xLIN 4 x SPI

Security Offload

Global Timestamping

Ethernet Networks

Packet Forwarding
Engine

Stateful Inspection
Firewall

Classification
Header Manipulation

IEEE 1588v2 + AVB

25-GbE 1-GbE 1-GbE
MAC MAC MAC




Analog in .MX95 (Pre-Production)

Real-time MCU
32 LPDDRS5/LPDDR4X
(Inline ECC)

System Control Low Power (Safety) MCU Connectivity & I/O

]
P

DMA Arm Corte

Watchdog, Periodic Timer

8-ch PD

Timer/PWM, Timer
" VIV e Medium Qua

Temperature Sensor

Edgelock” Secure Enclave

Secure Boot

System Control
ML & Multimedia Connectivity & I/O

=

Watchdog. Periodic Timer
Timer/PWM, Timer
Secure JTAG

Cryptographic Ac:

Memory
03.0/ eMMC5.1 Arm® Mali™

VPU +

https://www.nxp.com/products/processors-and-microcontrollers/arm-processors/i-mx-applications-processors/i-mx-9-processors/i-mx-95-applications-processor-familyhigh-performance-safety-enabled-platform-with-eig-neutron-npu:iMX95
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Open System Interconnect (OSI)
7-Layer Reference Model

/

|

Layer Data Unit Layer

7. Application 7. Application

Data

6. Presentation 6. Presentation

Packets
Frame
1. Physical __Bits 1 Physical

)

- | e St ‘ 0 nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 8 zoz 3



A Closer Look

SerDes Lane :
|
|

—- RECV_DATA[n:0]
#8 . RECV_CLK

To SoC

Off-Chip

—— XMIT_DATA[n:0]
* XMIT_CLK

Impedance Biasing

Control Circuitry
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Starter Test Criteria

* Correct by Design

» Test to Specification

» Test Quickly for Manufacturing Anomalies
* Provide for Debug

. | e St Co nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 10 2 oz 3



Test Expectations Refined
(you can’t sell if you can’t get it off the Tester)

« Design to Protocol and SoC specifications using the FULL range of
manufacturing tolerances and test conditions

« Characterize for Compliance in Lab

* Production Test for Basic Functionality and Manufacturing Anomalies
« Signal Integrity

« Stress Testing

* Probe

« Multi-Site Testing

> PROVE IT’S NOT THE ANALOG!!!
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Understanding the Test Environment

 Manufacturing Tolerances
« Testing with Large Digital Testers
— Fixed Voltage
— Fixed Clock
— Deterministic Results
— Load Board, Pogo Pins, Socket, Signal Integrity....
— Probe vs. Final Test
— Multi-site Testing

— $$37°%

Every additional second on the tester is just taping dollars to the top of
the package as it goes out the door.
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HOW

 ANALYZE AND ARCHITECT

» ISOLATE

« ACCESS

« OBSERVE

. | e St ‘ 0 nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 13 2 oz 3



gontrol

L
External . Impedance
Resistor

v

p
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Example (cont.)

A

o
SN
N
+~
=
@)
—
<
.

L 3
*®
® .4

. s

® .

o, *

A 260 Z’A‘ A
750 800 850

Sheet Rho
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Irust Zone
Power Management
2x SD/eMMC
4x UART
8x 12C
SPI, GPIO, JTAG
2x USB3.0 ~PHY
2x CAN-FD

Wrap the Analog

1O MM

WRIOP

122 Gbps
SGA0GY 25GH400G/500C

DCE - 100G 100G Ethernet

QB-

N 24 Lanes @ ug

Digital
Registers

0 25GBd per lane

72-bt

DDR4
with
ECC

72-bit

DDR4
with
ECC

Every Analog Design Team
should include Digital Design
Specialists in:

v" RTL Design

v Verification

v DFT

v' System Software
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Architecting for Test

Overrides From
Digital Registers

EI—I—!, A l<—
Tester

|
L a—

-— :
— . gl > >
Status To

ID Register Diitol Regist
igital Registers
.Te St ' 0 nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 17 z oz 3




Manufacturing Test for Comparators/Resistors

RX Impedance Comparator Switch Point Manufacturing
Test Points

)

o
o
3

Applied Voltage (V
o
()]

—=\/Sd_imp_cal_rx

0

0.4
. I e St Co nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 18 2 oz 3




PLL Testing

Calibration
Control

vcoclk

Phase Voltage

Frequency = | Controlled
Detector Oscillator

Feedback
Divider

. I e St CO nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 19 2 02 3



LOCK DETECTION

Fref - Fbak

“Dead Zone"

lock ‘
PFDET
I e St ‘ 0 nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 20 2 02 3




Frequency Counting

S Command [Iriucion] __Ofeel | Regster BIGTS] |_Regser Brsro

'\.'-, ’11~

commnt Include | inciuds ru end of § 1..&"‘ ‘,, R '.f S ey, PLL Output Frequency Setup

SRDS(x)TCRO 10 0000 0000 0000 0000

3 —— v T—— — Clknet GATE_ | Freq_Cntr[17:6]| Freq_Cntr[5:0]
SRDS(x)TCRO Looot o0 ool HLHH HNOE 000K J0OCK XX R(ehall-:lrz?q e (production (character)ization
test) test

6725 67.250 | 0101_0010_0001
6800 54400 | 0100_0010_0110 10_0000

SRDS(x)PLL(N)CRO YOOC JOOCK JOOKK X0 oL LLLH 3000¢ %300 ] 6900 0011_0101_1110 10_0000

«Ran( PLLINISR2 | o000 oM J0CK JOOKK 20T XK

--nl-iiilﬁl
s NOO1 0001 0000 0000 0000 0011 0000 1000

-m--w—w
SRDS(XPLL(H)CRO HIOOE JOOCK 200K ¢ ool LLHH 0000 xoox
— Catsar 55 T TP ety R TSR SO
.- < ~
i feq_cni50]| U Tabe 103627
N R > \ i o4 ‘) . avD] )
«W oglc_chkr » ]

rans Wrie v uy \ '\310 00b"~ 1\30
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A Low Noise PLL

Tint

P 52

¢bak ~ (Klb (2”bCint
"~

¢in
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VCO Range of Operation Simulation vs Silicon

LC Fvco vs Vctrl with fcap=5&50 Set Fcap
Sweep Fref to Change Fvco

5.50E+009
Measure Vctrl

5.30E+0002

5.10E4009 FVCO (GHz) vs VCtri{mv)
bcap-False, Temp-25, xvdd-1.5, LC

4 90E+009 "

4.70E+009

4.50E+009
—4=—Fvco_fcap=50

~i—Fvco_fcap=5

Fvco(Hz)

4.30E+009

4.10£+009
3.90E+009

3.70E+009

3.50E+009
0.200 0.300 0.400 0.500 0.600

Vetrl (V)

0.700 0.800 0.900 1.000 1100

Simulation

Lab Measurement
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PLL Testing

vcoclk

Phase Voltage

Frequency = | Controlled
Detector Oscillator

Feedback
Divider

Spread
Spectrum
Control

. I e St CO nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 24 2 02 3



Localized Gain Tests on the Tester

tv2.100.w213 FF Bank 1 Lane A
FVCO (GHz) vs VCtri{mv)

bcap-False, Temp-25, xvdd-1.5, LC

. I e St ‘ 0 nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 25 2 02 3



Bias

Circuitry

y

Phase

Frequency
Detector

Lock Detector

PLL Testing

Analog Supply

Analog Test Mux

;% tpa_ana

R vecoclk

Voltage
Controlled
Oscillator

> .

(sz@dt |

Feed

back |<

Divider

t

Calibration
State Machine

foyp pd %open_loop

j

A

vco_bak

Frequency Counter

— Digital Registers

Digital Test Circuitry

—P& tpd

Lock Observation
Lock Override
Bypass

Frequency Counter
Fmin/Fmax/Recover
Calibration Overrides
Calibration Status
Open Loop

Control Voltage
Gain Tests

Voltage Regulators
Current Bias

Digital Logic Testing

. I e St ‘ 0 nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 26 2 02 3




Calibration Status and Overrides

From dcbias cal loop in Figure 4-5
or dcbias ovrd in Figure 4-4

fcap[4:0] = {fcap[4:0] + 1} feap[5] setting determined wait num_ref_clks

Before “B". This loop only Fucobvzlcurrentl s the VCO
updates feap[4:0]

UL Dlalus_Lalidm_wa | pry piiogfoy

Vs '_A From dcbias cal loop in Figure 4-4
Fv%?,?;)é%[c s sb->sap or dcbias ovrd in Figure 4-3

Y irty
| 1ter SRDS${phy}.SRDS${phy}PLLS{p11}CRE.DCBIAS_OUT_EN @xe
elease
irty fcap|4:0] = {fcap[4:0] + 1} cap[5] setting determined

B B". This loop only
¥ TFC - 2 nov 2012 #### updates fcap[4.0]

Fvcoby2[previou § .
o _pll_tmode [display SRDS${phy}.SRDS${phy}PLL${p11}CRO.TMODE] settings
Fvcoby2[current]* >
Fvcoby2 req

cal_en=0

feap_final[5] = fcap5_BB (foal SRDS${phy} . SRDS${phy }PLLS{p11}CRO. TMODE @x00

fcap_final[4:0] = fcap[4:0) (cu e

vcocnt_out[8:0] = results of R (ssc_sel[1:0] = 2'b01) or

S EEEEEE— echo [format "SRDS${phy}.SRDS${phy}PLL${p11}CRG.TMODE changed to: Xs" [display SRDS${phy}.SRDS${phy}PLL${p11}CRO.TMODE (Fvcoby2_req - Fvcoby2[current] <

cal_en=0 Fvcoby2[previous] - Fvcoby2_req ?)

fcap_final[5] = fcap5_BB (fcap[5] &

fcap_final[4:0] = {fcap{4:0] - 1}
(results in previous feap[4:0]{

vecocnt_out(8:0] = results of Fvcot

[format "SRDS${phy}.SRDS${phy}PLLS{p11}SR2(6) cal_error

“
[format “SRDS${phy}.SRDS${phy}PLL${p11}SR2(7) 1p_cnt_gt_one " [display SRDS${phy}.SRDS${phy}PLL${p11}SR2(7) Yes
-
il

[format "SRDS${phy}.SRDSS{phy}PLLS{p11}SR2(8) bcap_en display SRDS${phy}.SRDS${phy}PLL${p11}SR2(8) cal en=0
[format "SRDS${phy}.SRDS${phy}PLLS{p11}SR2(9) cal_en - display SRDS${phy}.SRDS${phy}PLLS{p11}SR2(%g = = - -

% 54 ¢ = k= new_f5_loop =0 fcap_final[5] = fcap5_BB (fear
f t "SRDS${phy}.SRDS${phy}PLL${p11}SR2(10:15 fi = = %s_% display SRDS${phy}.SRDS${phy}PLLS =
{forme ${ehy} (ehy}PLL3p11)SR2( ) L s %" [d1splay {phy} ${phy} L2 and P fcap_final[4:0] = fcap[4:0] (current feap[4:0] value)
fcap[5]_BB = 0?
1ter SRDS${phy}.SRDS${phy}PLLS{p11}CRO.DCBIAS_OUT_EN @x1 Yes

cal_en=0 “Final Cal Erron
N cal_error =1
num_loop < 2 fcap_final[5] = fcap5_BB (fcap/5] Bef

3 2 elease cal_en=0
Tos fcap_final[4:0] = 1_1111 irty fcap_final[5) = fcap5_BB (fcap[5] Before ‘B”)
l vcocnt_out[8:0] = results of Fvcoby2 cho [format "SRDS${phy}.SRDS${phy}PLL${p11}SR2(11:15) = dcbias %s" [display SRDS${phy}.SRDS${phy}PLL${p11}SR2(12: ias[3:0] = dcbias_final[3:0] fcap_final[4:0] = {fcap[4:0] - 1)

= (results in previous fcap[4.0] value)
1ter SRDS${phy}.SRDS${phy}PLL${p11}CRO.DCBIAS_OUT_EN @x 2 prebias = Fvcoby2{cunent] spadil
num_loop = num_loop + 1 > @ e niew_iv_loop = 1
Ip_cnt_gt_one =1 irty fcap[5]_BB = 1
To Fiaure 4-4 fcap[5] = 1 cal_en=0 “Final Cal Error State
1ter SRDS${phy}.SRDS${phy}PLLS{p11}CR@.TMODE $orig_pll_tmode fcap[4:0] = 0_0000 cal_error =1
elease wl' fcap_final[5] = fcap5_BB (fcap[5] Before “B")

Orl |na| LO |C Aty fcap_final[4:0] = 1_1111
g g >

cho [format "SRDS${phy}.SRDS${phy}PLLS{p11}CRO.TMODE: %s" [display SRDS${phy}.SRDS${phy}PLL${p11}CRO.TMODE]]

eturn | num_loop =2 END
num_loop = num_loop + 1 = N
Ip_cnt_gt_one =1 and .
bcap_en =07

Coded Errata I @

I b Revised Logic
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Converting To Digital Result
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High Speed I/O
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Duty Cycle Correction

Pulse Width
Modulation

Time-To-
Voltage
Converter

Digital
Filter

Digital

. | e St ‘ 0 nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 30 2 oz 3



Duty Cycle Correction

Pulse Width

Modulation

Digital

Override

Iime-lo-
Voltage
Converter

Digital
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Duty Cycle Correction Testing

&
w
-
O
)~
O
—
(]

S
(o 4]

o
(o))
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Transmitter Example

£
—L o

Rx Term q —ci |o— q_b e, X TEFM

B I

V) mmm .
| ntail
vref rxd ——

+—/W
1
T
-
WN—

Ix_detrx
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Transmitter Tests

Ibi
poff —4 (p't‘;i/) « Output Impedance Measurements
« DC Output Amplitudes and Ratios
RX Detect Comparator Threshold

T
IS
B
(o3

poff/q —ci

« Output Voltage Self Test
TX_P D vem D TX N « Common Mode
imp_ctrl
noff/q H |— noff/q_b
Bl [

vem —— :
| ntail
vref rxd ——

_Y\_l/(’ff\

. | e St ‘ 0 nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 34 2 oz 3




Adapting Functions for Test

Input

| 1 Ul Delay I

l 1 Ul Delay |

Ref: IEEE802.3™ Clause 72
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Transmitter Equalization Testing

adpt_pre_enb<11:0

omp_reduce[5:0]

pre q
[11:0)

gb

rano_preq[3:0}
adpt_g_enb<19:0
|an€"T'-3nﬁng
C(0)
| |

Decrementing Decrementing
C{-1) C(+1)

Sign = 1 App Note:
NXP AN5119

Pre * Main " Post I
Cursor | Cursor ICursor |

. I e St ‘ 0 nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 36 2 oz 3




ransmitter At-Speed Cursor Tests

—— e —
29 May 09 15:18:31 ok Stopped 1558 Acqs
-

p—
Tek Stopped Single Seq 1 Acqs

—
28 May 09 15:17:36

Sign=1|. A N Sign=0

A

| fi & D n
PR gy PP, Lo AL R 7N R TR TP\ R0, P, e o
\/ PRI TSY \“‘,‘ Vs W V, \_J OB TRV

AN
v "qv//j

100mV
100mV

88 .0mV

—— e
ﬁ Run Sample 28 May 09 17:20:53| ‘Tek Stopped Single Seq 1 Acgs
1 1 + 1 T T > 4 T
, i \ 2
(X sl b i A d bl ik S R NE RS E N AR RS RN AN R EREE
A L -y o~ LIS —a P ) A 7y A sy
5 VRN A oA TN W . t- e A T A%
. . - R £ s / i £ | / / \ /
Sign bit broken [T/ U U T eighting |~ e
| / \ / \ / \ / \ {' \ / 1 ! 1 | 1 f {
. / ~ / SN e n ) A / sy / \ ] |

M S B S = . N ‘I ~ =i | T :

50.0mV
50.0mV

50.0mV_400ps. WBATSR] 50.0mV _400ps

277 5mV
176 .3mV

50.0mV_400ps

-101 .3mv

. | e St CO nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs



Receive Equalization

« CTLE: Continuous Time Linear Equalization
; ‘  DFE: Decision Feedback Equalization

“Mid Frequency”

“High Frequency”

. | e St CO nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 38 zoz 3




Receiver CTLE Testing

« Control Decode Tests
« HF/MF/LF Observation
* Regulator Observation
» Overrides/Status

LOS Detect

Baseline
Wander
Adjust

s1e1s Aouanbaiq ysiH

s1e1s Aouanbaud pIy

sye1s Aouanbaiq mo
S1e1S 1910

‘Stats’
— _4 Status

- > Registers

CTLE Decision Logic

From To RX Analog
Digital

Logic

Override T
— Ly

CTLE Control
Status Registers

v

- I e St ‘ O nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs 39 2 oz 3




Things that Became “Standard”

SerDes Lane RX EQ BIST |
Observer Checker :
|

RECV_DATA[Nn:0]

|

|

|

I

|
l " y y Pellel

I S N N i 4 AN -1 L EL el fe|

u— . 3 r " ,J J_ 4
v L oY ol o o)l ag a) -

——F— s | fesuaieel . RECV_CLK

|

|

|

To SoC

/— XMIT_DATA[n:0] /
> XMIT_CLK

|

|

SR |

Impedance |
Control BIST |
Biasing Generator :

Circuitry
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How to get what you need from Design
How to prove it’s not the Analog

How to get Test to go Away
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Detecting if Things Go Wrong

7. Application
6. Presentation

5. Session
4. Transport
3. Network

2. Data Link

1 Physical
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Isolation

RX EQ BIST |

SerDes Lane Observer Checker '
|

|

Clock/Datz B~ RECV_DATA[n:0]
kecovery aserialize ' RECV_CLK

To SoC

/=" XMIT_DATA[n:0]
~ XMIT_CLK

Include in FIFOs:

R l
|
\ |
Impedance I
Control BIST I * Resets
ST |
Biasing Generator , = Overflow/Underflow flags

Circuitry i
 Underflow/Overflow correction
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Multi-purpose FIFOs

From SoC To SoC

> RECV_DATA[N:0] Include in FIFOs:

e Resets

L m i|> OBS_RX_DATA[n :0] » Overflow/Underflow flags

 Underflow/Overflow correction

RX_DATA[n:0] |

|
Capturing K28.5 (10bit interface):

(Handy Scripts) 118 % Read_Parallel Data 1 h 8 snap

Data taken with snapshot and data unload
Interface Width is 10-bit: RX _DATA(39:0) = 0000_0000 0000_0000_0000_0000 0000_OONN_NNNN_NNNN

- Capturing K28.5 (20bit interface):

Flag Number (Handy Scripts) 108 % Read_Parallel Data 1 h 8 snap
0000_0000 0000_0000_0000_0000  0000_0000_0110_1011
0000_0000 0000_0000_0000_0000 0000_0011_1001_0100 Data taken with snapshot and data unload

0000”0000 0000_0000_0000_ 0000 0QO000_0000_0110 1011 Interface Width is 20-bit: RX DATA(39:0) = 0000 _0000 0000 0000 0000 NNNN NNNN_NNNN NNNN_NNNN
0000_0000 0000_0000_0000_00O00 0000_0011 1001 0100
0000_0000 0000_0000_0O000_0000  0000_0000_0110 1011 Unload R¥ DATA(39:0)

0000”0000 0000_0000_0000_ 0000 0000_0011_ 10010100 Numbex
0000_0000 0000_0000_0000_0000 0000_0000_0110 1011 0000_0000  0000_0000_0000_0010 1000_0011 0101 1111

_0000_0000 0000_0011 1001 0100 00000000 0000”0000

0000_0000 00000000 0101”1111
0101”1111
0101_1111
0101”1111
0101”1111
0101_1111
0101”1111

N 00000010 10000011
0000_0000 0000_0000_0000_0010 1000_0011
0000_0000 0000_0000_0000_0010 1000_0011
0000_0000 0000_0000_0000_0010 1000_0011

0000”0000 0000_0000_0000_0010 10000011
0000_0000 0000_0000_0000_0010 1000_0011
0000_0000  0000_0000_0000_0010 1000_0011
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Clock Observation

SerDes Lane

|
i —i+» RECV_DATA[n:0]
IS . RECV_CLK

To SoC

/- XMIT_DATA[n:0]
~ XMIT_CLK

BIST
Generator

1010_101010’
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RX Clock/Data Recovery

Ana/og? Digital

Jitter Scope Jitter Scope
Mode Registers CDR

Status

: Clock/Data Recovery
e Transition Frequency - Deserlallzatlon ‘‘‘‘‘‘‘‘ .

_______ n . Tracking Tracking

Clock Registers

Interpolation E Checker

Interpolator Control Interpolator

Status

Interpolator

Overrides BIST Pattern Checker (NXP AN5119)
* Internal Eye Monitor (NXP AN5119)
* Frequency Offset Status
» Interpolator Status/Overrides
 CDR Stall Detector
 False Lock Watchdog
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Frequency Offset

Programmed vs Measured Frequency Offset

=
o
o
=
-
)]
(7]
b=
o
>
Q
c
()]
=
o -
()
—
|1 8

—Programmed Offset -——Measured Offset -—BIST
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Interpolator Observation

XXX
TTTT

D1 E2 D2

Interpolator Position
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Every Loop Needs an ‘Unstick’ Plan

Phase of
CDR Clock_ )

Phase of

Serial Data
Positive Phase Tracking Ermor Edges

Data Edges are Earty
w.rt. the COR Clock

Negative Phase Tracking Error
Data Edges are Late
w.rt. the CDR Clock

I e St Co nX An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs

ve Phase Tracking Error

g te
w.rt. the COR Clock

Phase of
Serial Data Edges
Z

_Dead Zone_

Positive Phase Tracking Error
Data Edges are Early
w.rt, the COR Clock

Phase of
CDR Clock
in Reset

Tester is ‘clean’ environment

Suppose startup position
ends up 180deg out from
initial state

Correct by overriding and
releasing interpolator
position

Implement a watchdog timer
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RX Equalization Design Confirmation

x_out diff .
CAUI4_5in_PSSPR_gksweep BIST

o
-
]
o
b4
-
v
>
w
S
(=]
e
L
L7
—
o
#
A
c
=
o
o
b
~—
Y]

0-255 BIST Errors, 350 = No SYNC, 450 = No CDR_LOCK

10 12 14 16 18 20 22 24 26 28 30 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
GK3 Gaink3

Simulation — 6.75in channel Silicon — 5in channel
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“Over The Wall” Design for Test

Analog IP

m Design
4

IP Verification

Test Design

Test Pattern
Generation

Production )
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How Not to Write a Test Guide

7.2 Transmitter Impedance Control Testing

e dy BF . - B'F

tester supply until Vop np car Tx €quals the desired power supply test condition. This value will

be used throughout the remainder of the tests

» n -
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Understanding the Test Environment

 ELIF
« Manufacturing Tolerances

* Testing with Digital Testers
— All conditions known at the START of the test
— Fixed Voltage
— Fixed Clock
— Deterministic 1's and O’s
— Load Board, Pogo Pins, Socket....SIGNAL INTEGRITY!!!

* Fully defined stress test modes
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Fully Defined Stress Test Modes

Voltages applied during Stress Testing

Clock Frequencies used during Stress Testing
Device Control Method

Multi-Site? IDDQ Limitations?

Suggest:

— Simplified Access: Stress En[3:0]

— Internal Biasing

— Internal Control of Activity Levels

— Internal Regulators Bypassed as Needed
— Simplified Status: Stress_Result[3:0]
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Integrated Design for Test

|P VWWrapper

LA
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Human Readable Format

[T [ oo |
2 [ o |

0000 0000 0000 1011

SRDS(x)TCRO Lo 3000 oL HLHH

DS(x)PLL(n)CRO XK 300K KOOOK XXX oL LLLH x000¢ 000

I O T S
(] Tl | SUSMEET | pon LI, | s
ommnt | Stop here for P/oducllon

~|x|DLL~r‘ CRO

E—
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Text File

?
fset Regls Reglster B;

B AT ST e

:commnt Force 8% U Ry & e 3 L
. . ' \
:commnt Include

- - PR

- -

‘trans Write SRDS(x)TCRO 0000‘0000 0006 oooo 7‘0‘000'0000 oooo oooo

Read SRDS(x)TCRO

Write  SRDS(x)TCRO

Read SRDS(x)TCRO

Write  SRDS(x)TCRO

Read SRDS(x)TCRO

\'
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To Tester

SRDS 1LNO SRDS1LN1 SRDS1LNZ
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RTL Stimulus

// COMMENT: SUB-STEP 36: Write SRDS(x)TCALCR 0000 1000 0000 0000 0000 000
"Write(SRDSITCALCR, 0000,1000,0000,0000,0000,0000,0000,0000); // WRITE SRDS1TC

// COMMENT: SUB-STEP 37: Read SRDS(x)TCALCR
"Read (SRDSITCALCR, XXXX,HXXX, XXXX, XXXX, XXXX , XX>

// COMMENT [ s
// CLOCK:

‘Wait (40, Cycles);

// COMMENT: SUB-STEP 39: Read SRDS(x)PLL(n)CF
"Read (SRDSIPLLICRO, XXXX, XXXX, HXXX, XXXX , XXXX , X>
"Read (SRDSIPLL2CRO, XXXX, XXXX, HXXX , XXXX , XXXX , X>

3 T m N

// COMMENT: SUB-STEP 40:
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TCL Files for Design/Compliance Lab

echo "# STEP 8: Read SRDS(x)TCRO Hxxx xxxx xxxL HLHH XXXX XXXX XXXX XXXX Confi
:15): 1nx_ecl_srds_test_sel(4:0) = 0_1011"
echo [format "# READ SRDSITCRO (0x0lea00cO0): %s" [display srdsl.srdsltcr0]]

echo "# STEP 9: Write SRDS(x)PLL(n)CRO
de(5:0) = 00_0001"

echo "# CCSR WRITE TO SKYBLUE LOCATION SRDS1H
alter srdsl.srdslplllcr@ 0x11000108

release

dirty

echo "# CCSR WRITE TO SKYBLUE LOCATION SRDS1H
alter srdsl.srdslpll2cr@ 0x11000108

release

dirty

echo "# STEP 10: Read SRDS(x)PLL(n)CRO X
de(5:0) = 00_0001"
echo [format "# READ SRDSIPLLICRO (0x0lea0004

b
)=
Q-
0
-

R
——
r——,

.’m

echo [format

NG 500 e

!'._}"':?._j :‘g b !

echo "

10"

echo [format "# READ SRDS1PLL1ISR2 (0x01ea@00d(

1*?2%45

»',yt

TN

0
1
2
3
4
5 - an
6
]
:
0

echo [format "# READ SRDS1PLL2SR2 (0x0lea002(
echo "# STEP 13: Stop here for Production”

echo "# STEP 14: Write SRDS(x)PLL(n)CRO
11"
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Python For The Validation Lab

for snap_step in range (num_snaps):
alter_lynx_reg( dut = dut_name, phy num=phy num, lane = lane_num, reg _name = 'GCRI1',
bit field = 'REQ CDR_SNP', new_val = 0x1 )

lynx_reg_name, cdr_lck = fetch_lynx_reg(dut=dut_name,phy_num=phy
reg_name="TCSR3",bit fie DataEye, PRBS9
lynx_reg_name, pm_dis = fetch_lynx_reg(dut=dut_name, phy_num=phy_
reg_name="TTLCRO",bit_fi
lynx_reg_name, poll_snap_done = poll_lynx_reg(dut=dut_name,phy_n
reg_name="RECR1",bit_fie

if cdr_lck == "0x0":
raise ValueError("ValueError: CDR did not lock. Please check

if poll_snap_done == False:
raise ValueError("ValueError: Snapshot did not complete")

new_ts = time.time()
delta_time = (new_ts - old_ts)*1000 ‘ _v
0w/ g
Y
AR
3alll
'ﬁ?\?' \ ‘ Ik
,":Jj ‘-f.‘ \ ( \\ P
A A S WV
AR 8\ YW
’Qigf‘r*ﬁ‘il R

WA /l

lynx_reg, tsout = fetch_lynx_reg( dut = dut_name, phy_num = phy_
bit_field = 'TsouT' )

Sk JUE SN

Normalized Mismatch

tsout_bin = bin(eval(tsout))[2:].zfill(21)

tsout_signed dec = twos comp2dec (tsout bin)

freq_offset _ppm ((-1.0)*tsout_signed dec*Kph*Kfr/512)+*1000000
sum_freq_offset = sum_freq_offset + freq_offset_ppm
if print_status :
if snap_step ==
delta_time = 0
print Green + '{0:10.3f} {1:78s} {2:76s} {3:20s} {4
.format(delta_time,cdr_lck, pm_dis, tsout_bin, tsout_signed_

Interpolator Step
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Even More From The Tester

B atx pete rc

file Edt terp Prefs  History

CEEEREELEE

L EE R EE R

|4
>
0
<
2
b
=
2
-
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Customer Tools

< QorlQ Configuration - Eclipse
File Edit Navigate Search Project ProcessorExpert Run Window Help

GRS =02 G vl o [ s & | B@ c/cr+ [ QonQ Configuration |

[ Project Explorer 53 g ¥ = B | %) *Component Inspector - SerDes2 5% | %y Components Library Basic | Advanced Y=g

&g
&3 FTF

s Configuration and Validation O
XF1103125 XF1103125 . SGMII1.25 SGMII1.25

pLL1 |
PLL2 |

(0]
2
]
O

EO0&® 6

(0]
54
O

Lane 0 Configuration | Validation

Parameters

Pattern length 20 Pattern name HHFTP ~
Result (HHFTP ~|

BIST <« Data source ‘Dlg al loopback v | Count Window (bits) |3.28E+05 ~
TX Pattern Genera...

7] Jitter Scope & esults
5. Components - FTF 53 L2 Result:

4 (= Generator_Configurations (CDR Lock
& T4240_v2_0_Cnf i
iagram
(= 0Ss
4 (= Processors
43 SoC:T4240_v2 0
4 (= Components
4 {3 SerDesBlocks:SerDesBlocks
(& SerDesl:SerDes
' SerDes2:SerDes
(U SerDes3:SerDes
() SerDest:SerDes

Data Eye

Run internal

X Loopback

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Interpolator Step

lormalized Mismatc

240; ETAP idironc04

Target Connections...

>4 L

o

y
or Recovered

App Note:
NXP AN5119

Data Stream
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During That Inevitable Debug...

1. Check your power supplies
2. Check your clocks
a. Frequency?
b. Spread Spectrum?
Are you still in reset?
Check the programmed configuration
Repeat steps 1-4 at least twice
Check your PLLs
Do you have data? Does it make sense?
Back up to simpler test/setup
Document steps 1-8 in something other than email
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In Summary....

 Be sure ALL disciplines understand ALL Test Environments

« Make the Analog look “Digital”
— Configurations in one group of registers
— Status in another group of registers
— Power Downs and Resets in a third group of registers

 Make Test Description Modular, Scriptable and Portable
* Provide for Debug Hooks

 |[EEE 1687™ - 2014: IEEE Standard for Access and Control of
Instrumentation Embedded within a Semiconductor Device, November 2014
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IP test control

Test Documentation

Test Documentation to RTL
Verification

Test pattern development

Tester code development

Tester CZ development

Tester CZ capability

Lab Validation capability

Data analysis

Test issue resolution

Propagating changes

& TestCon

Conclusion

Non-standard

Verbal, difficult translation to SoC

svc reg transactions, multiple test

guides and limits per process node
and fab site

Non-Existent

Manual — slow, error-prone
(months)

Manual, SoC-specific

Manual, SoC-specific

Manual, SoC-specific

ASCII datalogs, manual summaries,
lengthy analysis

Poor tester-to-lab correlation, slow,
iterative

Lengthy for both pattern
development and bring-up

An Integrated Approach to Testing Analog Sub-systems in Large Digital "Cheap" SoCs

Standard PHY wrapper, fully register
based

Tabular, scalable, unified test guide
and limits

Manual

Automated — fairly fast, accurate,
simulated

Automated, SoC-generic

Separate, significant development
effort

Better

Standard Test Guide Based

Semi - automated summaries, quicker
analysis

Excellent tester-to-lab correlation,
fast, few iterations

Reasonably fast

Standard PHY wrapper, fully register
based, improved internal test
capability

Tabular, scalable, unified test guide
and limits, standard setups

Fully Automated from Test
Documentation

Automated — very fast, accurate,
scripted (week)

Automated, SoC-generic

Integrated, minimal development
effort

Best, Tx Eq, Jitter Scope Mode

Standard Test Guide Based,
More Labs On-Line

STDF, automated summaries, fast
analysis

Excellent tester-to-lab correlation,
fast, few iterations

Acceptably Quick
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