u {E NESAS Renesas Electronics (Europe) GmbH

Product Change Notice
(PCN Tracking Number: EE-QR-220409-20)

Version: 1
Customer: All Customers
Renesas Product Type: RH850/F1, R1, E1 and C1 series, refer to Product List
Description of Change: Addition of wafer type for Naka products
Naka EPI Wafer Noi?ég‘riigfer
Reason for Change: In order to realize stable supply, Renesas will implement specification

addition of non-EPI wafers for Naka products in addition to EPI wafers which
are current wafer specifications in Naka.

Identification: Identifiable by T/C code on marking and label for each product.
Schedules: Requested approval 15. Jul. 2022

Change implementation from Jul. 2022 onwards sequentially
Anticipated Impact: Fit: No change

Form: No change

Function: No change

Quality & Reliability: No change
Doc. No.: EEQC-PCN-CR-22-0090
Internal Reference: AMBD-2022-0351, AMBD-2022-0428

In case of any question, please contact:

INITIATOR TITLE E-mail PHONE No.

Farhad Banihashemi | Staff Engineer Farhad.Banihashemi@renesas.com | +49-211-6503-1844

Disseldorf, 21.04.2022

Customer Response:
(please fill in and return by e-mail, fax or mail)

[1 acknowledge Company:
[] acceptable

[1 inacceptable (pls. comment) Name & Position:
[1 not applicable

Phone / Fax No.:

Note: Acknowledgement must be received by Renesas within 30 days or Renesas will consider the change as
approved. If timely acknowledgement is provided by Customer, then Customer shall have 90 days from the date
of receipt of this PCN in which to make any objections to the PCN. If Customer fails to make objections to this
PCN within 90 days of the receipt of the PCN then Renesas will consider the PCN changes as approved. If
customer cannot accept the PCN, they must provide Renesas with a last time buy demand and purchase order.

Comments:

(Signature)
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Details of Change:

Renesas has been faced with serious supply shortage of Si-wafers due to the demand
increase for semiconductors in these years.

In order to avoid delivery shortage and to realize stable supply of Renesas' RH850 series we
plan to add non-EPI wafers for the Si-wafer specifications of Naka products in addition to
current EPI wafers.

Please refer to below summary for changed items:

Wafer Process Site: Renesas Semiconductor Manufacturing Co., Ltd. Naka Factory

) L EPI Wafer .
1 Si-Wafer specifications EPI Wafer non-EPI Wafer W
4 M1E change items o] Change products 4M1.E Remarks
products change items
Man Certified workers — No
Machine Machine A — No
Material EPI Wafer EP1 Wafer YES Addition of Si-wafer specifications
non-EPI Wafer
Method Process method A — No
Environment Process A — No

Product names No change
Marking No change
Label No change

Product identification Controlled through Trace Code (T/C) described on Marking (Mark)

and Label

Schedule of Change:

202 0000000000000 |
_nl-nnnnmn

RHB850

Addition of Si-wafer
specifications

W PCN issue

Verification for PCN approval by customers

>

W PCN approval

V¥ MP shipmentstart is possible
v Delivery start
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Evaluation of the Change

All potential risk items about addition of Si-wafer specifications were verified based on
DRBFM. As a result, no problem has been confirmed.

Wafer-Test result confirmation :::;:: no yield difference between before and after oK
Yield drap —
Final-Test result confirmation There is no yield difference between before and after oK
change.
There is no yield difference between before and after
Wafer-Test result confirmation change. QK
There is no anomalous defect occurrence.
Addition of Impact on characteristics There is no yield difference between before and after
Si-wafer Deterioration in Final-Test result confirmation change. OK
specifications characteristics There is no anomalous defect occurrence.
ED (Electrical Distribution) confirmation There is no sig difference before and oK
after change.
. - There is no significant difference in electrical
Electrical characteristics characteristics batween before and after change. oK
ESD characteristics There is no signi difference before and oK
Impact on reliability Deterioration in reliability after change.
TEG reliability verification Confirmation of process reliability. OK

Evaluation Results:

To evaluate the additional wafer type the wafer process for RH850/F1L at Naka was
performed with the identical lot which includes both non-EPI wafers and EPI wafers at the
normal production flow.

Regarding representative products, we chose the RH850/F1L series whose test yield has
been monitored at Naka. Packaged samples of the non-EPI wafers and EPI wafers were
assembled at the mass-production flow of RSC.

Regarding stress-application Process, we performed PKG-BI Process in addition to Wafer
Test under mass-production flows.

The conditions of used Wafer-Test programs, Final-Test programs, Tester and Test boards
were the same as mass-production.

Wafer Test Results:

Wafer Process Wafer TEST PKG Assy. Additional Process Final Test
PKG-BI (High temp.)

(Room temp.)

Test Test

Criteria : There is no significant
difference between before and
after change.

Products
non-EPI
(After change) *1 ‘ 1.00 1.00 1.00 1.00
EPI (Mass-productlon*results 1.00 e 100 100
before change) *1

*1 Relative values at EPI yield results (Mass-production results before change) = 1

We confirmed that there was no change in yield due to the change of Si-wafer specifications.
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Final Test Results:

Wafer Process Wafer TEST PKG Assy. Addﬂonﬂ! Process Final Test
PKG-BI {High temp.) (ROOITI temp.)

Criteria : There is no significant
difference between before and
after change.

PKG-BI Final Test

Yield (%)

non-EPI
2963 2963 2963 0 100
(After change) 0

EPI
2955 2955 0 2955 0 100
(Before change)

We confirmed that there was no yield drop due to change of wafer specifications and there
was no significant difference between before and after change. We confirmed that initial
defect samples of non-EPI wafers were sufficiently able to be rejected at the same stress
condition as Epi wafers in Wafer Test.

Electrical Distribution Results:

We confirmed the electrical distribution results at 4 temperatures (-40°C, +25°C, +105°C,
+125°C) and confirmed no significant difference between non-EPI and EPI products. Cpk for
all parameters is > 1.67.

| DC parameter Ta- 25 ]

RECVECeEVEC wVPOC to § SV, BVECaVPOE tn RECWEC, ADVREF =3 0V to § 5V, AIVREF =3 OV 10 § SV, AWOVESe1S0VE SnPVES B VES mAONES w4 IVES= OV
URFLE | LOWER non-EP]_Lat1, 30pes non-EFT_Lot2 30pes mon-EP_Lek3,30pcs. EPT{ref.), 30pcs
Earasrmter Sy uNTT UM uMIT_ |AVERAGE [SIGMA  [ope [AVERAGE [SIGMA|E [wvERAGE [sioMa o AVERAGE |STGMA 7
[High level input voltage VIR CMOS v 1.95 1.4 0.004 41.28) 146 003 59.98| 1.47) ©.004) 38.21) 146  0.003] 45.04/
SHMT L (#xcept FLMCO pan) v 155 17 0,005 10.03) 79 ) 0S| 557 179 0,004 8.5 7 005 B
SHMT L (FLMDO pin) v 18 B 1 0,001, 421 TE 4.56) 184 0,003 5.42] T (7]
SHMT2 v 238 L4 0,010 1063 432 010) 11.17] 143 0,010) 1064 a2 o012 (¥
SHMT4 v 240 - 20 0,006 16,75 209 0,007 15,11 007} 14,43
'Tu L v 220 - 11 0,005 6657 T 1.8 0.5 Gra 18 57
1R0_01 pin v 210 ¥ 0,008 £7 41 77 o0a| 62 32| 128 o007 3818 28] noos|  azam
Low level input voltage  [VIL cMOS v [ At 0,008 28.23) 47, 1.8 o008 2384 5] o0 &
SHMT1 ¥ .05 2.7 1.17 £.006| 47| 00! A:<)
SHMTZ v 75 13.98] 03| 007| 1391 1.08 .00 13.22| o3| 06| 15 &)
SHaTS v 50 25.31} 15 2; 176, 0006} 15 5 el =
TTL v .80 27.93] 17| 006 | 21 46| 1.18 0.0046| 20.46| 117  0.005] 24.02/
180 0 ¢ v [T 25,40} 27 [il] 34 68| 138 0,007 19.30| 28] 6| 3011
High level cutpat waltsge  [vOH Fast mode Tiot=-5ma_{upen) v 200 175.07 FIT o0z 13457 FIT oozl 1w T o1 15208
[10r=-3rma,_{1006m) v 200 21183 F¥T) ouL| 211.78] 2.8 o1 2m1.5 ros|  oooi|  2seed
10 - 1ma(1Epin) v 250 12813 245 001|128 3] 282 o001] 13324 54l o001 18817
10H=-0.1ma [16pin] v 250 205,75 X ) ool 2330 o1 5.0
[Glew meae 1oH=-1mA_T16on] v 250 126.51 FIT] o0z| Bas7| 2. ] I 2u8| oo 12707
10H= -0 1ma_{16pn] v 250 32533 4| o01| 32524 2 0001|3353 4| oot| 33533
Low level sutpet woitage  [VOL Fast mode 10Le S {tpin) v [ E 55,84 X 0.1 ooz sz 13 001 (7K
1CL= 3 _{10pin} ¥ a.40 B9.81) 08| 0.08 £.001) 85.46] R
10Le 1ma (16pn} v .40 303,39 04 001) 15L& 0.04 0,001 173.40| 04 ool 20233
Slow mode [1oL= 1A {16p:n) W [T B 1525 0.8 vooi]  ausag T 1
Iremal pul-up resetarce |FU except FLMDO pin i+ 100] iy 10.36f 27 .94 0.36] 734 8.31) 0.3 8.56| 27.97| 022 1229,
FLMDO pin [ £ 3 31.05} 428 016] 21 68| 12 57 [V 14 4] 010 3356
irtemal pul-dzwn [2:ce 0t FLMDO pin 7] 200 20} 15 66 0. 0.21] 16,08 iC 3 2 )
FLHDO pin K 35 4 30.71) 15.83] 0.15] 26.25| 16.02 0.1 34.13]  15.88) 0.12] 34.27,
input leskage curmere L [vi=REGVEC 170 0 pin ey 0.5 E 53,52/ 045 T ) 0.001] 107.32 0as] oot 13655
[vi=Evce RESLT,F LMD 0,0, P, FL P2 78 FS P20 pin A 0.5 277,67 767 0.000 [ 001
(VI=BVEC P1C, P11, P12 P18 pin =) 0.50 333.24]  0.000) 0000 416.61 0.000; ©.001) 237.97|  0.000 0.001 333.24]
11 = AOWREF 4P0 12 a5 208 19| 000]  oooi| 23747 0000 0001|208 17 o00|  oooi| 20818
V1= ATwREF [aF1 A 0.5 E 1667 797 0.000 ooy 277 o1 1667
L [Vien 1Pa_0 pin = [ET) issaal  -0033) 0002 103&7| -onas oozl 1mvel 0033 ooot| 1aim
= FESET FLMOO1P0.P0,P1 P2 P8P P20 pin 12 16,67 000 0000) 41672 0,000 o000l 21eal 000| 0.010] 16.57
- P10, P11, P12, P18 pin 1" 333.33) 0.000, £.000} 416 61 L
= = 12 166,24 ooo]  oooi| oRso[  aom oooi|  1ese3 001 oo 16681
= 21 & 33343 1 0,000, 0.000 41673 01 18
RN ride correis IoCR ICPUCLK=BOMH2ZPLL Al perphem| & runng ) 50, 7328 1820 w21 o650 T
[HALT rmode current IDCH FEPUCLK=B0MH2SPLL Al peripheral & running [ls%) E 8. 86/ 15.92] 0.22] 61.08) 15.78, 0.15] 52.08) 62| 10| 138.76]
[STOP mode current 1005 [FCPUCLK is stopping 411 penghem | & stopoing mh 31 520,63 0.37 [ T 0.3 001 106801 4] po1| 11347
[CeepsTOF mode curmert [IDDCS | FCFUCLE is power off [l perohen! & stopsing 1scitted area Fower OF u\ 1370] 3 A 440.85] 381 ] T 107 415.3| 37.07] 114] Jes)
Cyclic RUN mude current  [IDDCR. FCPUCLK=HS IntOSC A 40| . 440.71f 2.35| .04 31848 2.33 .03} 461.64) 30 0.02| 584.45)
[Cyelic STOF mode current [IDDCS  [fCFUCLK 1S stopping 0.7 0.02] 68893 081 ooe| 5805 0.7 [ TN 79| 0.01| 80015

Example of electrical distribution at +25°C
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Electrical Characteristics:

We confirmed that there was no significant difference in electrical characteristics between EPI

and non-EPI products.
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Reliability Evaluation Results:

ESD and LATCH-UP results:

The following table shows ESD/LATCH-UP Test results for EPI/non-EPI wafers. The results of
ESD and LATCH-UP Test between wafer specifications were equivalent and there were no
problems.

Test type Target specification Number of sample EPI wir. of N3 non-EPI wir. of N3
HBM OK OK

AEC-Q100 5
+/- 2000V pes
AEC-Q100
<ol +/- 500V (All pin) s e g
AEC-Q100
Latch-up +/- 100mA 6pcs OK OK

Reliability impact confirmation:

We completed TEG evaluation about extracted concern items based on addition of Si-wafer

specifications.
We confirmed that non-Epi products were equivalent to Epi products in all items through TEG

evaluation.

Change items Change points Confirmation results (EPI <-> non-EPI difference)

Impact on reliability Increase in crystal defects Change in reliability TDDB Wi el .
i : e 55 ! ‘e confirmed that there was no significant difference.
due to addition of impurities and precipitates  (Breakdown-voltage g
Si-Wafer in crystals and deterioration  characteristics) of ] _ _
specifications in gettering capability due Gate-Oxide films TZDB We confirmed that there was no significant difference.
(EPI -= non-EPI) to decrease in BMD*1 ——
density S Ny HCl We confirmed that there was no significantdifference.
(Retention
characteristics) of
Tunnel-Oxide films NBTI We confirmed that there was no significant difference.

SILC/TDDB We confirmed that there was no significant difference.

*1 Bulk Micro Defects: Crystal defects due to Oxygen precipitation
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Product List

R7F7010023AFP#AA4 R7F7010184AFP#KA4
R7F7010023AFP#BA4 R7F7010214AFP#KA4
R7F7010023AFP#KA4 R7F7010223AFP#AA4
R7F7010033AFP#AA2 R7F7010233AFP#AA4
R7F7010033AFP#BA2 R7F7010233AFP#BA4
R7F7010033AFP-CHAA2 R7F7010233AFP#KA4
R7F7010073AFP#AA4 R7F7010234AFP#AA4
R7F7010073AFP#BA4 R7F7010243AFP#AA2
R7F7010073AFP#KA4 R7F7010243AFP#BA2
R7F7010074AFP#AA4 R7F7010243AFP#KA2
R7F7010104AFP#AA4 R7F7010253AFP#AA2
R7F7010114AFP#AA4L R7F7010254AFP#AA2
R7F7010114AFP#KA4 R7F7010283AFP#KA4
R7F7010124AFP#KA4 R7F7010304AFP#AA4
R7F7010133AFP#AA4 R7F7010304AFP#BA4
R7F7010133AFP#BA4 R7F7010323AFE#KA4
R7F7010133AFP#KA4 R7F7010323AFP#AA4
R7F7010134AFP#AA4 R7F7010323AFP#BA4
R7F7010134AFP#BA4 R7F7010323AFP#KA4
R7F7010134AFP#KA4 R7F7010323AFP-CHKA4
R7F7010143AFP#AA2 R7F7010413AFP#AA2
R7F7010143AFP#BA2 R7F7010413AFP#BA2
R7F7010153AFP#AA2 R7F7010414AFP#AA2
R7F7010153AFP#BA2 R7F7010434AFP#AA2
R7F7010153AFP#KA2 R7F7010443AFP#AA2
R7F7010154AFP-CHAA2 R7F7010453AFP#AA2
R7F7010163AFP#AA4 R7F7010454AFP#AA2
R7F7010174AFP#KA4 R7F7010573AFP#AA4
R7F7010183AFP#AA4 R7F7010574AFP#AA4
R7F7010183AFP#BA4 R7F7015013AFP#AA1L
R7F7010184AFP#AA4 R7F7015693AFP#AAL
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