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Serializer Bug univers'tétbonn\

* Mistake made during extracting and simulating the layout with all process corners

* Serializer works, but VCC and/or GCK have to be adjusted:
— GCK=80 MHz - VCC = 1.6V (works but should not be applied for a long time)
— GCK= 60 MHz > VCC = 1.4V (ok)

* Manufacturer test data = wafer batch has ,,slow NMOS” (too high threshold)

PLRAMETER BY LOT: SPEC LO SPEC HI MIN MAX MERN STD DEV

VIl N4 (N/.3/.06/1) 0.300 0.368 0.423 0.029

Isof N4 (N/.3/.06/1) -1.400E-07  0.000 -8.958E-10 -3.833E-11 -2.33%E-10 2.0&3E-10
0.031

Isat N4 (M/.3/.06/1) 0.451 0.735 0.547 0.873 0.5353
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Digital checks for DHPT 1. 1:
Jtag communication DHE & DHPT
Memory tests

All digital tests passed

DN

LLink established
(down to VDD 1.25V !unsensed!)
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DCD — DHPT Interface Block Diagram umvers—tétm

Replica DCD_VREF
LVSS
X 320 Mbps
| — [ [
| Lvss 64 pata  / \ | oirr. || | pros. ;
1 X 4 | Rx | Dela i
A . I !
| — [\
LV- 16 LV-
Offset .
« CMOS A 7 CMOS g;cl’ag
A RX_| ™ | 4! A
LV- LV-
DCD_R2S
< CMOS |4 = CMOS |¢ ;;Tag «
/\ RX X 4
3
I LVDS |, DCD_CLK (320 MHz) LVDS | Prog. 320 MHz
RX | X Delay
Interconnect PLL
DCD (bumps & wiring) DHPT —%F

8 links with 8 data + 2 offsets bits each GCK
ADC sample rate = 10MHz
32 ADCs per link = 320 Mbps (80 MHz)



Duty cycle distortion
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* Duty cycle distortion was overlooked during DHPT 1.0 sign-off

/[DOoUT
(max. delay output)

I /net011
(input)

[RX_OUT

I pouT
(max. delay output)

I net011
(input)

B RrRx_ouTt

I pout
(max. delay output)

oou oo oY ooy ue uf

time (ns)



Delay Element Modification umversitétm

* Custom delay elements made out of identical inverters
All corners covers 3.125 ns (<320 MHz).

Max. delay time with extracted model

N DOUT -

(min. &f)
jpour

L7
AN .
2 S
A -
imarlt) o
AN .
[0t D
L

(max. 4At)

ISJUIIIIIISIIIIld.ﬂlllllzslllll.’:uﬂllllﬁillIIEI.TI!.G

07.04.2015, TKishishita Duty cycle degrades at most a few percent after max. delay.
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DHPT 1.0: Duty cycle distortion of signal present
e Fach inverter pairs introduces a duty cycle distortion

Global Delays

AdAAA444

44444444

Add44444
4444444

Local Delays
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DHPT 1.0: Duty cycle distortion of signal present
e Fach inverter pairs introduces a duty cycle distortion

Brought transition region
between max error and min error

Global Delays

RV VY.

Local Delays
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DHPT 1.1: No duty cycle distortion of signal present

Global Delays
ch160-191 ch128-159 h96-127 ch64-95 h32-63 ch0-31

h192-223

ch224-255

Delay scan - H5_0_09 - asicpair:

8 ADU

-

sssss

A4
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DHPT 1.1: No duty cycle distortion of signal present

Delay scan - H5_0_09 - asicpair: 1

sssss

Shallow transition region
between max error and min error

chid-31

A4

N
A
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Changes from DHPT1.0 to DHPTI. 1




Results

univers'tétbonn\

germic@physik.uni-bonn.de

INP

VDD_CML

t
Main

Driver {

INN

18



Results

univers'tétbonn\

germic@physik.uni-bonn.de

INP

VDD_CML

Main
Driver

t

INN

INP

Pre
emphasis

INN

19



Results

univers'tétbonn\

Iref
UBDAC

VDD_CML

i

_

J| ==

IBIAS
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Current consumption by VDD_CML

simulation :
5 mA i |15 mA
5mA
|
o=
- L
. Pre
INP Main INN INP . U=500mV
. emphasis
| Driver -
1
1
1
VDD_CML 'L
_FI- - -
1
Iref :
|
1
1
UBDAC | I| : IBIASD
i | 20mA

IBIAS
VSS VSs
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IVDDCML
[mA]

16 frs

14

12

Current consumption
VDD = VDDCML = 1.2V, DVDD = 1.8V

DHPT1.1
: x

,,,,,,,

10 I o N D

DHPTL.0
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16 frs

140

12

IVDDCML
[mA]

Current consumption
VDD = VDDCML = 1.3V, DVDD = 1.8V

DHPTL.1

X
54 X
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DHPT1.0
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Real Current consumption VDD_CML
ea ent consumptio - R
e .
3mA
et
b —
o=
[~ : a Pre
INP Main INN INP _ INN M
L Driver - emphasis =300V
VDD_CML ____:L

Iref :
2 SRR (S0 S A
<

IBIAS

VSS VSS
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CML driver
Eye diagram measurements

horizontal vertical
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CML driver
Eye diagram measurements

horizontal vertical
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DHE specification

From Virtex—6 User Guide

Table 4-26: RX Margin Analysis Ports
Port Dir |Clock Domain Description
The user needs to detect data errors on RXDATA in order to monitor
the bit error rate of the link.
Average vertical eye height (voltage domain) used by the DFE as an
optimization criterion.

11111: Indicates approximately 200 mVppp of internal eye

opening,.

RXDATA[31:0] Out | RXUSRCLK2

DFEEYEDACMON][4:0] | Out | RXUSRCLK2

bbit value (0-31) for the vertical opening

From Virtex—6 FPGA Data Sheet: DC and Switching Characteristics

Table 17: GTX Transceiver DC Specifications

Symbol DC Parameter Conditions Min Typ Max Units
Differential peak-to-peak input | External AC coupled < 4.25 Ghb/s 125 - 2000 mv
DVepin voltage
External AC coupled = 4.25 Gb/s 175 - 2000 my

Min 125mV vertical opening

germic@physik.uni-bonn.de
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CML driver

Scan over parameter space
IBIAS, IBIASD and pll cml _dly
no receiver equalizing

Examples for pll_cml_dly = 0 and GCK = 62.50 MHz

DHPT 1.0

IBIAS

N e N o

{12

0 100
IBIASD
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CML driver

Scan over parameter space
IBIAS, IBIASD and pll cml dly
no receiver equalizing

Examples for pll_cml_dly = 0 and GCK = 62. 50 MHz

167mV 193mV
DHPT 1.0
' ] - gl =
1 f= _-l.'_- - o
. -l T
] Lg -l - -- — -=
] - " SRR 20
. 15% ----- --_--_ %
= : & 2 AR N | G
= ] 5 --- ] | --- (=]
/m — {120 M "m m " m "= °
— - > mm [ - >
: 19 --- ----- .-:-
1 W R Py |
| | | i ! ] ]
0 100 200 5 100 150 200 250 §

IBIASD IBIASD
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Results

CML driver

Scan over parameter space

IBIAS, IBIASD and pll cml _dly
no receiver equalizing

0 and GCK = 76. 23 MHz

Examples for pll_cml_dly
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CML driver

Scan over parameter space
IBIAS, IBIASD and pll cml _dly
no receiver equalizing

Examples for pll_cml_dly = 0 and GCK = 76. 23 MHz
123mV

DHPT 1.0 ) DHPT 1.1
EEEEESE EsEEEE®| IR = m m
HEBE HENE HE | N | ] - 16
21 EEEEEEE® " mem mmmm ]
" mm = = " mm mm = 14
18 R mmm mE B mEmEmEE Em =]
SoS “aEaSamamamamamnmas Smmas me e 112
. 158 SESEEamamas “as EeE AEiE LEE.niEmamaE 5
2 NO LINK possible 2 2 mEs msmmssEmE: mm == {{w0F
M . 1120 = Sam “aEiSasas “mEasamasnsssasssam  msas = =
E Wlthout RXEQMIX 12]% E ::-:-:---- ] é 18 I%
E SeEnEr S aSemaEeEmaE = .
: S SR FEAr- I [
3 [ I l | ; 2
0 100 200 5 50 100 150 200 250 0
IBIASD IBIASD
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CML driver
Best eye diagram
With adjusted PLL settings

(jitter improvement)
for 1bm TWP cable

Virtexb/6 specs: min 125mV B = = g o = =
for < 4.95Gbps IBIAS =255 IBIASD =20 pll cml dly sel =1
PLL_ICP =255(10) PLL_VCO =255(96) IREF =15(8)

oo

Horizontal Vertical I

1E-6
-t

245. 28ps 140. 64mV i

05 04 03 02 01 0 0a 02 0z
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VDD=VDD_CML=1. 2V VDD=VDD_CML~=1. 3V

200mV |

100mV

OmV

—100mV
_200mv m.ﬁmzrn

—-600ps  —400ps —200ps Ops 200ps 400ps 600ps

J0:31103, Total145000:622013

—400ps —200ps Ops 200ps 400ps 600ps
IBIAS =255 IBIAS =20 pll _cml dly sel =1 IBIAS =255 IBIAS =20 pll cml dly sel =1
PLL_ICP =255(10) PLL_VCO =255(96) IREF =15(8) PLL_ICP =255(10) PLL_VCO =255(96) IREF =15(8)
1 Y BER TJZBERT: Bathtub ":lfi @ 'BER TIEBERT: Bathtub HUls @

le-10
le—12
le—14
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Improvement of the design achieved:

a) Resolvment of the Serializer Bug

b) 10 Buffer delay do not suffer from duty
cycle distortion

c) Slight improvement of the CML driver

L&

The diviation of the CML driver performance with respect to

simulation vs real measurement needs to be investigated in more
detail

Tests and Measurements prove that the DHPT 1.1 is in a very good
shape for the final experiment.
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Production
* Tape-out: September 9, 2015
* Delivery (100 bumped samples): November 14, 2015

Changes from DHPT 1.0 to DHPT 1.1

* DCD — DHPT Interface
— Improved data receiver pads (no hysteresis, reduced input capacitance)
— New delay elements (improved duty cycle balance)
* Serial Data Link
—  New Serializer (fix of the timing bug)
— Improvement of the CML driver (reduction of parasitic resistances)

=>» Digital part did not change (data processing, configuration etc.)



DHPT Chips for Module Production umvers—tétm

* Decision for DHPT 1.1 as the production candidate by February (?)

* Then: Order of 9 additional wafers (1000 chips in total)

* Two new needle cards for probe station testing currently being produced (HTT)
=>» Estimated testing throughput: ~50 chips per week

If a further DHPT re-design should be unavoidable (for example: Gated-mode
operation not yet tested) a DHPT 1.2 with changes in the digital part will be designed
and submitted.

* One month re-design (digital synthesis)
* Two months production
=>» ~3 months delay in the delivery of chips for PXD production
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Signal Integrity Analysis

4+ 1.6 Gbps, 8bit LFSR sequence 38 cm flex (1.V.) + 10m Infiniband cable (LEONI,AWG 26)

4 Max. pre-emphasis settings

. ATime
R

| jitter: 25ps (10) =
| _ _!

|
=

al ' s gty . o
-30ps  -BOps  -40ps  -20ps 3 Ops  40ps  60ps 3

10m + 0. 38m Kapton
156m TWP

DHPT1.1 (fullscale) _1g/p0.|
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Signal Integrity Analysis s

4+ 1.6 Gbps, 8bit LFSR sequence 38 cm flex (I.V.) + 10m Infiniband cable (LEONI,AWG 26)
4 Max. pre-emphasis settings ke i en e

-400p= 200ps Oz 200p= 400ps E00p=

m TWP + 0. 38m Kapton wl ”ﬁ = B ——
DHPTO. 1 (test) 15m TWP

DHPT1.1 (fullscale) _4g/20-

10
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Signal Integrity Analysis A

|.6 Gbps, 8bit LFSR sequence 38 ecm flex (1.V.) + 20m Infiniband cable (LEONI,AWG 26)
Max. pre-emphasis settings it il g Vi

e W e i
200p= 400ps BO00ps

T

20m TWP + 0. 38m Kap‘tOn ‘W‘wﬁmwwﬁi 1 i e 0 i
DHPTO. 1 (test) 15m TWP

DHPT1. 1 (fullscale) -19/20-
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Bathtub plot for DEL 0, BIAS 32, BIASD 32

12
10 P et rrrrrr e et rerrrrrrrrrrrrrrepy g rirrererreesn

-0.01

Bit Error Rate

10_10 N NN N N NN N NN NN NN NN NN RN NN

-0.5 -0.25 0.0 0.25 0.5
Horizontal Sampling Point
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Bathtub plot for DEL 0O, BIAS 240, BIASD 32

12
10 rrryryprrrrrrrrgrynree e e rre e rirernerrreerrrrireyeeryeed rrreyeyt

LLLLERY!

I

-0.03

Bit Error Rate

10_10 N N N NN NN N NN NN NN EEN NNy

-0.5 -0.25 0.0 0.25 0.5
Horizontal Sampling Point
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Horizontal opening at a BER threshold of 1e-06 60

DLY3 0t |
Small 16

preemphasis 3,
width

112
128
144
160
176
192
208
224
240

IBIAS dac setting

0 16 32 48 64 80 96 112128144160176192208224240
IBIASD dac setting
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Horizontal opening at a BER threshold of 1e-06 60
DLYZ D T T T T T T T T T T T T T T T T
16 |
32
48

80

96
112
128
144
160
176
192
208
224
240

IBIAS dac setting

18

12

0 16 32 48 64 80 96 112128144160176192208224240
IBIASD dac setting
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Horizontal opening at a BER threshold of 1e-06

DLY1 ol — 60
16 54
32
45 48
64 142
80

2 36
'E 96
a 112
Y 30
T 128
2 144 2
o
= 160
176 18
192 5
208
224
240

0 16 32 48 64 80 96 112128144160176192208224240
IBIASD dac setting
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Horizontal opening at a BER threshold of 1e-06

60

DLYO 0 :
Large 16 | 54
preemphasis 3 !
width i ) A8
64 ] 142
. 80| i
= 96 |- g 436
@ 112} | :
8 128] | : ' ¥
% 144 124
= 160}
176 | 16
192} %
208 |
2241
240 |

0 16 32 48 64 80 96 112128144160176192208224240
IBIASD dac setting
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Production
* Tape-out: September 9, 2015
* Delivery (100 bumped samples): November 14, 2015

Changes from DHPT 1.0 to DHPT 1.1

* DCD — DHPT Interface
— Improved data receiver pads (no hysteresis, reduced input capacitance)
— New delay elements (improved duty cycle balance)
* Serial Data Link
—  New Serializer (fix of the timing bug)
— Improvement of the CML driver (reduction of parasitic resistances)

=>» Digital part did not change (data processing, configuration etc.)



DHPT Chips for Module Production umvers—tétm

* Decision for DHPT 1.1 as the production candidate by February (?)

* Then: Order of 9 additional wafers (1000 chips in total)

* Two new needle cards for probe station testing currently being produced (HTT)
=>» Estimated testing throughput: ~50 chips per week

If a further DHPT re-design should be unavoidable (for example: Gated-mode
operation not yet tested) a DHPT 1.2 with changes in the digital part will be designed
and submitted.

* One month re-design (digital synthesis)
* Two months production
=>» ~3 months delay in the delivery of chips for PXD production
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DCD — DHPT Interface Block Diagram umvers—tétm

Replica DCD_VREF
LVSS
X 320 Mbps
| — [ [
| Lvss 64 pata  / \ | oirr. || | pros. ;
1 X 4 | Rx | Dela i
A . I !
| — [\
LV- 16 LV-
Offset .
« CMOS A 7 CMOS g;cl’ag
A RX_| ™ | 4! A
LV- LV-
DCD_R2S
< CMOS |4 = CMOS |¢ ;;Tag «
/\ RX X 4
3
I LVDS |, DCD_CLK (320 MHz) LVDS | Prog. 320 MHz
RX | X Delay
Interconnect PLL
DCD (bumps & wiring) DHPT —%F

8 links with 8 data + 2 offsets bits each GCK
ADC sample rate = 10MHz
32 ADCs per link = 320 Mbps (80 MHz)



DCD — DHPT Data Transmission Schematic Details umvers-tétm

NMOS switches only)

DVDD
. M 1'/'-

e
[ 200Q t : Data
bos—y
.
e e e o

|3 M1im
. ._Hf.r_ "":i'f"i“" . I Cour
1‘ - Nf= r [ Mis Mg
— [ Ms Mig
—l Me M17

MIS
ouT |> D |toDHPTcore
M

fN-i‘ )
w I ._‘ E.: e
"y 1,=1mA
uph 4y
DCD output driver RX Miq =
—ALm
Gore anver (NMOS swiches oni L v Prog. delay
- ' [ Tapped delay line,
. ovop OISl Ve e I
lr ‘ Mizm I
0 *E‘ o B2 20 0e ] e )
L " DHPT receiver
\ | 100Q  100Q X
>< ) el DCD_VREF
Jwﬁ ‘ . . om ’ v
L e[ EER R
m ="
TI-J.:‘
B .|
w1 =1mA

VSupN .
DCD output reference voltage generation



Data Link Synchronization
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DCD can produce a simple test pattern for synchronization of the data links

Time (clock period) £ADC channel

[ J
0
0 1
1 0

B
i 2 0
t 3 o

|
.40
n s o
6 0
7 1

1

2

3

4

5

6

7

8

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



Data Line Waveform Analysis

Replica DCD_VREF ‘local’ delays
LVSS
>
gr—
al LVSS 6,4 Data
] ™ 4
N '
r—
LV- 16
Offset
< CMOoS > =
PN RX
L. sl DCD_R2S
< cmos
RX
T VDS g DCD_CLK (320 MHz) 320 MHz
Rx [
Interconnect (bumps
DCD & erlng) ‘global’ delays DHPT T
GCK
(80 MHz)

Measurement Setup

voltage (arb. unit)

universitatbonn

Combined reference voltage- and delay scan (no direct access to data lines)

High VREF; Always receive logical 0

|
o
o

L
o [=}
w w

prop. to recevie logical high

e
N

=]
B

0.0

6 8
global delay

Low VREF: Always receive logical 1

Typical scan result



All Bit lines of one Link univerg'tétb.onn\

1350

1300

1250

1200

1150

voltage [mV]

1100

1050

1000

a50 I ] ] ! I
(0] 100 200 300 400 500 600

time (arb. unit)

0 |1)0|2|2|2|2)1)1|2|2|2|2|2f2f2(2f2(2(2|2|2|2)|2|2|2|2|2)1|1|1|1|1
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DCD_VREF external Control & Measurement
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DVDDsense DVDD

|
_j\j/_ routing & wire bond
impedance
Replica DCD_VREF ‘local’ delays
Lvss
™
re—
al LVSS 6,4 Data
g IS ’
PN :
r—
Lv- 16
Off
< cMos > ==
PN i
L, - DCD_R2S
< cmos |«
A R
T VDS | g DCD_CLK (320 MHz) 320 MHz
R |
Interconnect (bumps
DCD & erlng) ‘global’ delays DHPT -
GCK

(80 MHz)
routing & wire bond
impedance

GND



Measurement Artefacts

Voltage [mV]

Voltage [mV]
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DCD output driver univers'tétm

* Schematic level simulation ‘
— capacitive load (C,,,=3..7pF) T \ \ \

12+ I |
> ) DVDD ] ‘ ‘. ‘
’_,I 2m Shasl 1} : | | | |
"E' : "E"' ” ‘ | ' i [ I
2000 DHPT IREERR \ \
>< . P o I to | \ ; \ ,
|3 Mism \ b ‘ \
.7H7.:. 8 ! ‘ :7,“7. 1-: Cout 1.05 } "J 2 “I : I‘
= el . |
mos e 0.0 50 me‘,(o ; 150 20.0
B ol
.l l,=1mA
VSupN .
1300
* Rise-/fall time extraction from
1250
Vref/deltaT scans _
1200} -- 13ns |
5 —— Fall-bit7
% 1150 - 2.4ns
s — Rise-all
S 1.8ns
1100 y — Fall-all
4 == 2.8NS
1050f
1000 - - s - ; . . .
] 2 4 6 8 10 12 14 16 18

time (delay steps)



Interface Issues univers'tétbonn\

* Synchronization of data line critical
— Little contingency for delay settings
— Sensitive against TID

* Distortion of the duty cycle
— Delay elements on DHPT

— Hysteresis of the DHPT differential receiver (plus asymmetric rise and fall times of the
DCD driver)

* Slow signals
— Underestimated parasitic capacitance of wiring and pads
— DCD driver output levels not adjustable and drive strength asymmetric



Design Changes univers'tétbonn\

* Fix duty cycle distortion
— Symmetric delay elements on DHPT inputs = See next chapters
— DHPT differential receiver - remove hysteresis

—

* Make signal faster
— Reduce parasitic capacitance of the DHPT input pads (C,,, =~ 3 pF dominated by ESD
protection) = analysis/simulation started, pad layout change in progress
— DCD output driver = Increase drive strength, make programmable (see Ivan’s talk)

— Changes of routing on PXD module ? (estimated C. . ~ 1pF) TBD

line



Known Issues & Design Changes (DHPT 1.0 -> DHPT 1.1)...5

i DesignResourcesASICRevie., *

[E] PxD ASICs Planner 2015 - ... = (EQ

Tx

"

12
13
14

15
16

oogle *

onn

(€5 PXD ASIC review pre-meeti., ¥ | =+

#i € a https://docs.google.com/spreadsheets/d/1OVASAUVWEmMeNZSZnSXMNDR2uCe2bCWhkgrnflkvhg_g/edit#gid=0 C || Q Suchen e 4+ ﬁ’ E =
File Edit View Inset Format Data Tools Add-ons Help  All changes saved in Drive
e AT s % 000 123- Aral - w0 - B ZsA. & @3- E-1-7- coBWY¥Y - Z-

A B C D E F G
Known Issues & Design Changes (DHPT 1.0 -> DHPT 1.1) ILI
Implementation Measurements /
Item # Block Description Critical points, comments Class/Priority Status simulations needed
1 Sernalizer Error in load strabe generation logic check all FF setup & hald timing bug/high implemented/done  no
Increase output amplitude by reducing parasitics, layout parasitic resistance, current source
2 CML driver optimize current mirrors and drive strenght saturation Uds_sat enhancement/med  implemented/done  no
3 Delay elements Duty cycle distortion add dummy loads for intermediate nodes bug/med implemented/done  no
Reduce hysteresis in the DCD data differential simulate with DCD
4 Data Receiver  receivers enhancement/med  implemented/done  output stage
Increase input transistor size if offset
4a Data Receiver  Simulate offset voltage dispersion dispersion would need to be reduced enhancement/med  implemented/done  MC simulation
4b Data Receiver  Extract input pad capacitance no issue yet implemented/done  QRC extraction
5 Core Include chip ID in raw data header low not considered yet
Hybrid 5 & EMCM
6 Core Gated mode operation mare system tests pending no issue yet not considered yet  system tests
High occupancy data processing, common mode Hybrid 5 & EMCM
T Core processing more system tests pending no issue yet not considered yet  system tests
8 JTAG New IDCODE LSB must be "1" enhancement/med  pending
LVDS Receiver
9 Bias Implement self-bias parallel to DAC bias check default bias setting enhancement/med  pending
10 General extrapolate SEU x-section for thermal neutrons done literature search
4 | 1 3
+ = DHPT 1.1 DCDBpp vo SWB18 v3

Status: 7.7.2015
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PLL + SER Block Diagram

DFFQN_X3M AYTR dnw

universitatbonn

: 1mA (typical)
and 5mA (max.)

IBIASD DRIVER: 1mA (typical)

and 5mA (max.)

CML_TX v3_ dnwRF

SW1SW2

- ponor
| poDoN

VDD: 1.2 V data<0:19> B—0 ONPq 138<19:0>
VSs: 0 V
IBIAS: 40uA MXT4 X3M A9TR dnw delay_test FaOM |-
ICP: 10ua WLy o s aout oo =
IBIAS_VCO: 100 uA (typical), 8Q:L slis x—c D—&1 21 ou # ToCore
: - ) - D52 s2
range: 10uA 200un —31 §+I
in ] ]
DesClk @ serlallzer TBIAS DRIVER
$|q ser test -
s1 =5 olk out
> heg:105 Ut
cnt20_test 1834’
TOP_PLLvZ dnw s2 — || >
Fipec load oa
VDD @ FBOOM +—|F1P6GHZ F80MHzZ §|§| S?—Tsﬁx- iM;‘:g TR_dnw
vss F320M 80:L S1:H ¥=C
® ] t i e
N o 1fsr test : 0T
nEF2FAsT— ] 2l cou“ er — I0
RefClk B FB2FAs T3] [B v D
8 0MH Y=B clk out IcC
( z) vn rb p—rb D¢
Icp ﬂé
IBIAS vCO B——— 2 2
IBIAS p—- [ buf out S7 B
serclk B L“BUF_x6M A9TR dnw 33 B
137 IBIAS DRIVER
S0 B X2_XO0P5B_A9TR_dnw —

TIBIASD DRIVER D




Load Strobe Generation (Counter) umversjtétm

DHPT10 counter cell - P FBOMHz
voD W55 a " "
L L §+ 3+ al
T
F1P6GHz 48 10 enti0 D-FF2_dnw a
.—ll—I— clk Gnt'.llT}_md cntlﬂc—“}iu*—cxI— e—.—& 'U dﬂ_ﬂut
[=]
8 . 4
I18
=)
g g TIE1l
AND2_X3M A9TR  BUFH_K6M_ASTR
net19 = wop N\I13 o
DFFYQ_X4M_ASTR{ DFF¥Q_xaM AsTR o s load
D o D 0 - wsE + I7 R
o0 oo 1‘ RC-extracted with corners(it ss ff)
Vss Vss INV_X4M_ASTR
- ~ | net2s F1P6GHz
CK CK 125, ) i ] i ; i
Iis i3 75 e =EaEs E = o Br e 2 = EE e
%
7530 . i . —ontl0

H
=

W
b
=
g




Serializer Bug univers'tétbonn\

* Mistake made during extracting and simulating the layout with all process corners

* Serializer works, but VCC and/or GCK have to be adjusted:
— GCK=80 MHz - VCC = 1.6V (works but should not be applied for a long time)
— GCK= 60 MHz > VCC = 1.4V (ok)

* Manufacturer test data = wafer batch has ,,slow NMOS” (too high threshold)

PLRAMETER BY LOT: SPEC LO SPEC HI MIN MAX MERN STD DEV

VIl N4 (N/.3/.06/1) 0.300 0.368 0.423 0.029

Isof N4 (N/.3/.06/1) -1.400E-07  0.000 -8.958E-10 -3.833E-11 -2.33%E-10 2.0&3E-10
0.031

Isat N4 (M/.3/.06/1) 0.451 0.735 0.547 0.873 0.5353



DHPT 1.0 Serializer Simulation umversitétﬂ

Transient Response
Name Vis  Comer

/0fbuf_out 1.2

S.75
clk <

25

lquLLuLlu.uLlLulJthHl

N0foad
load [ /Iofload @  nom S 75
0ad smore.. > .25

25
s 7

> .25
i

[ | 8
N0/net03 @ S 75
> .25
-.25

1.2
Il /10/net038 @ nom
S.75

> .25
1225
. /10/net038 fs
h S.75
> .25
-25
I /10/net038 e FFs« 12
S.75
> .25
v .25

—
]
s
—
]

outy I /10/net038 @ ss

hJJJ].lLIJJH.lIJ.lLllLlLlﬂ.ILLlI]n

hJuleJuthulquuH-l

leJJuﬂuu.IJLLLlLuLhJHI

l_

lLlI.l|.llLllLLLl|.IlLL|.llLI].lH1

i |

g
g

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
17.5 20.0 22.5 25.0 27.5 30.0 32.5
time (ns)

Timing of “load” is not provided correctly, except fast-fast comer.



Design Fix in the Counter Circuit umvers—tétm

@ P ooz
VDD vss

VDD
vss
vss

Toggle FF (asynchronous )
/ =>» will be replaced by

sync. /2 divider

D-FF2_ dnw

dff out

F1P6GHz

P—o=—{cix cntio mod cntio

vss vae
VDD
g VDD[——

o

Wrong connection

AND2 X3M A9TR  BUFH X6M A9TR
......... — oo \:13 I\_gﬁD\
DFE‘YQ X4aM 9'I'R| DE‘FYQ X4M_A9TR oD by ves 4P 10ad
D 0 = ___::_,// LF”;?

VDD 116
VSS Vss INV_X4M A9TR

‘--._.._..-/

b CK b CK
115 19




Serializer Simulation with Modification (DHPT 1.1) umversjtétﬂ

Transient Response

Name Vis  Comer 12
/10/buf_out :
clk .-‘Iﬂ?huf_om @ nom
I /0/buf_out & s S5
I /10/buf_out ® ff > 25
2 more ... ‘
- -2
load _ . . g 1%
~ 1.0
> 25

M /10fload @

9 /10fload & ss
I /10fload @ f
M 10/l0ad a

[10/net038 1.2
out I /10/net038 @ nom
I /10/net038 ® s S 75
I /10/net038 @ ff > 25 |
/I0jnet038 d fs : i |

T T T
27.5 30.0 325 35.0 375 40.0 425
time (ns)

o‘llt I /10/net038 & sf 1.2
S .75
> 25

load jujou L5




New Serializer Load Strobe Generator universititbonn

OR4_X3M_AITR

* Synchronous design (FE

g @ e

FFYQ X4M AOTR DFFYO X4M AYTRDFEYO X4M [AOTR DEF¥O X4M J9TR DEF¥O x4k A9TR
o ] D ol

VDD voD| VDD on VoI
Va3 Nas| s Naz et
K CK CK CK
| T TS
wla NOR3_X3M_ASTR v r + T
o _X3M
ool o4 218 =
N =
R2_X3M_AITR e
Ii9 ¥ Ve
T
T LT L19
[ =]
L XORZ_X4M_ASTR H_XEM_ASTR
FFYQ_X4M AIT] FEYQ #4M ASTRDEFEYQ x4M A9ITR DEFYQ x4M A9TR DEFYQ 2 DEEYQ_X4M_APTR
FlPsGH.—.—. clk ent20_synch  ©nt2 =3 . F30MHz o - e 3 B B !— 3 ent20
Xas Yes Yag el Yea o Mag
i3 CK CK —s—pCE —s—pCK —hCE
7 r F T TO T 5
1 ¢ @
AND2_X3M A9TR BUFH_X6M A9TR
DFFYQ X4M ASTR DFFYQ X4M ASTR
D load
—ID Q—=@=— D o] v }
VDD VDD Il
Vas Vs INV_X4M AOTR
— o=a
CK CK
115 Ie




RC-extracted simulation with corners( it ss ) universitétm

F1P6GHz
i'g%'_Tj“'__Tﬂ"V'TTFT'Ter'Tjrr'
751
2.5 3
= -
25 -
ottty l

_25° F80MHz
1.25,

1.0 3
s 75 3
S

25 3

0.0 -

12255 load
1.0 -
753
25
> -
25 3
0.0 3
-.25

80-0 T T T T 82.5 T T T T 85.0 T T T T 8?-5 T T T T 90.0 T T T T 92.5 T T T T 95.0 T
time (ns)
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Driver Schematic
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M

WEE

INFD

W_in:

THND '

IBTAED DRIVER

pLion: Presckl Frafotopticm: Jre




DHPT 0.1 — Test setup umversjtétﬂ




Differential Output Amplitude

* Linear function of bias current
(IBIAS_DRIVER)

* |IBIAS_DRIVER = |_DVDD

* Preemphasis off A
(IBIASD_Driver = 0) £

* Effective output resistance: 49.1§
Ohm

* DC output resistance: 55 Ohm

* =» ~3.5 0hm Series resistance
(chip wiring, bond wire, PCB trace)

=» Output resistance Ok

1000

800 -

600 -

400 H

200 -

0

univers'tétbonn\

Output amplitude vs. output stage bias current

| slope =49,1 Ohm

0

T T T T T T
5 10 15 20

|_DVDD (mA)



Main Output Current Mirror

* IBIAS_DRIVER current mirror

* Design value
IBIAS_DRIVER/Ibias = 20

* Non-linear for Ibias > 0.7mA
=>» M2 not saturated?

Drive current limited to 20 mA
- Vout__ =957 mV

=» Limited by current sink (M2) or
switches MO/M1 (too high on resistance or
parasitic wiring resistance)

|_ DVDD (mA)

Ibias (MA)

204

univers'tétbonn\

Output stage bias current vs. external |_bias current

_m-E-E-E-EH-H
um-m-E-E-E -
—m-
_m
n
-

T T T T T T T
1,0 1,5

Ibias (MA)

|_bias Current Mirror Input Characteristics

2,5 ||
P
]
e
l/-
2,0 - n
./
e
]
e
-
P
1,5 4 P
]
e
]
e
]
~
-
1,04 ]
a
-
P
]
~
=
0,5 ]
T T T T T T T T T T T T T T T 1
500 600 700 800 900 1000 1100 1200 1300

V_lbias (mV)



Boost Output Current Mirror umvers-tétm

_ Output stage boost current vs. external |I_bias current

* IBIASD_DRIVER current mirror "
* Design value N L
IBIASD_DRIVER/Ibiasd = 2 2
* Fair linearity 8 *
_| ,’. e
* Drive current limited to 6.12 mA TS
- Vboost__ ~300mV S
00,(/) I 015 I 110 I 115 I 210 I 2:5 I 310 I 315 I 410
Ibias_b (mA)
9 Enhancement: 300_' Boost amplitude vs output current .F..
: ] -~
Make boost current sink M8 stronger 250 -
> 7 ,-"'/...
E
s 150 + /./l'
g
100 _/-/
50
|

T T T T T T T T T T T T T T T T T T T T T T T T T 1
00 05 10 15 20 25 30 35 40 45 50 55 60 65
|_VDD (mA)



Delay Settings

universitatbonn

Setting Pulse Width
SW[1:0] [ps]

11 130
01 300
10 470
00 615

=>» ~170 ps per delay buffer

700
600 /‘
500 /

400
Boost Pulse Width [ps] 300 /
200

'

100

0
11 01 10 00

Delay Setting

800 MHz clock, different delay settings



Signal Integrity Characterization Universititbonn

TIE1: Histogram

Height1: Eye

* 1.6 Gbps LFSR-8

* 30 cm kapton cable
+20m AWG26
twisted pair cable

TIE1: Spectrum




X-ray Irradiation

univers'tétbonn\

* TSMC65nm TID tolerance:
— V., shift (wide pMOS and nMOS only)

— PLL + Gbit link performance
* Up to 100 Mrad (60keV X-ray tube, Karlsruhe)

* Dose rates: ~300 kRad/h (initial) 2 ~2Mrad/h (end)

* Annealing after each step: 80°C for 100 min

igl Eye Diagram H:Time

©
9 a0k
&

Pre rad

VEO '
ICP ey

IBIAS ——
IBIAS D +—e—i
IBIASD_D

1

20
0.1

100 Mrad

No TID induced degradiation observed up to 100 Mrad



DHPT10 CML TX bk R A s e '1
Main driver . ﬁm{"}f = T ZEEL. T mea  SELUTEL universititbonn

g cor I

=
[¥]

corner: if

oy
o

VV)
o

B

parasitic extracted
»”(most realistic case)
---+— schematic

(8]

MO
bl =}

?IIII?IIII?IIII9|IIII|IIII|IIII|IIII|IIII|IIII|

<« schematic

| (mA)
& &

«_Parasitic extracted
(most realistic case)

w

o o

o

F
:
1
u
%
==
&3
I
FH
|
=
i
7

n
(=]

(+supplied externally, not from DAG)
06.05.2015, T.Kishishita



DHPT10 CML TX m% I P S (O "
Pre-emphasis part- L3R 35 ER AR R AR universitatbonn

-1 Deat
TarmL.azn = »

corner: t

?_: EIEEEEEEEEE AN SG!!B!!EE; \‘\ s _:.--—""

(without tarmination rasistor; IRIAS NRIVER=VUSS, INPD=INP=VID. [IIN=INND=VUSS)

0 1 2 3 4 I I I I 5
dc (mA)

21.04.2015, T.Kishishita



Main driver =

TeET1. 0216

Ly ™
i
12 %0

I d D i N
mprove eslqﬂ - m1z =
oo ey - Erpalvm-
:; aur¥=1iu
susl-1i.%s
= mEl
Dom rasiss 713
ool
-
ol
Aol
ax

u niversitétbonnl

g g cor I
M goar
""UL T

{n:;nu‘
|

“Temcs_zf_ls
: . i
| I — I
; e
" ! vk
“nch_Ivt" to rf_Ivt |
replaced from “nch_| nmos_rf_Ivt. e
—
- 21
“ -
5
ey —— IBIRED_DRIVER
ot : “ni Tt_mac’ “nch_lve_rmc mch_lvt_mac
L =raa o Ty w=Eu =) 2INAD O
= S VA = .
singapuea i, %}_ﬂ cigse Singuzp J ! g0
itz 1 A VBE = =
br.‘:hﬁ: = v‘ = zezad] b =
wvas

L RG-exiracted, corner: tt

L} LY
\

10 1| = parasitic axiracten (most reqlistic case)
1\ sohematic \ \

.

Series resistance was not a major problem.
The problem was a transistor type of the current mirror.
“nch_hi” could not flow much current.

f{without termination resistor, IBIAS DREINEE-USS, INPD=IFP=VID, INN=INND=VSS)

o 1 2 3 a4

dc (mA) ! g
21.04.2015, TKishishita



Improved Design é
Pre-emphasis part =

m'

u niversit.i—itbonnl

g oor EE—

replaced from “nch_Ivt” to “nmos_rf Ivi”. ~—_

10
j A
——— parasitic axiractod (most raalistic casa) \,
A \ —— i ——— e
_ = schemati; A \Mam
8.0 -
6.0 -
Eao0-
2.0
0.0 -
(without termination rocictor, IRIAS NRIVER--VUSS, INPN=INP=VDD, INN=INNI=VSS)
2.0
| T T T T | T T T T | T T T T | T T T T | T T T T |
0 1 2 3 4 5
dc (mA)

21.04.2015, T.Kishishita
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Delay Element Issues umverg't;jtb.onn\

* Programmable delay lines made from std. cell delay elements (dual inverters)

* Inverter have usually unequal propagation delays for rising and falling edges
(Asymmetry of PMOS-NMOS drive strength, process corners, W/L...)

* The std. cell delay elements consist of alternating no-equal sized inverters

—>The difference in t o for rising and falling edges for inverter A and B is different!

o petpey

=» Duty cycle distortion increases (accumulates) with the number of delay elements
used, i.e. the programmed delay time



Delay Element Issues cont. univerg'tétb.onn\

* If all inverters in the delay chain are equal (and the number of inverters is even),
no duty cycle distortion occurs (differences in rising and falling edge propagation
delay cancel out)

eSIssiss

= Implemented new, custom made delays based on identical inverters



Duty cycle distortion

universitétbonn\

* Duty cycle distortion was overlooked during DHPT 1.0 sign-off

/[DOoUT
(max. delay output)

I /net011
(input)

[RX_OUT

I pouT
(max. delay output)

I net011
(input)

B RrRx_ouTt

I pout
(max. delay output)

oou oo oY ooy ue uf

time (ns)



Delay Element Modification umversitétm

* Custom delay elements made out of identical inverters
All corners covers 3.125 ns (<320 MHz).

Max. delay time with extracted model

N DOUT -

(min. &f)
jpour

L7
AN .
2 S
A -
imarlt) o
AN .
[0t D
L

(max. 4At)

ISJUIIIIIISIIIIld.ﬂlllllzslllll.’:uﬂllllﬁillIIEI.TI!.G

07.04.2015, TKishishita Duty cycle degrades at most a few percent after max. delay.
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DCD Data Receiver umverg'tétbl onn\

* Single ended DCD data receivers based on LVDS receivers = low voltage single
ended signaling (LVSE)

VEE

F| 14
C g? dout c=
SR

din

DCD LVDS output (from Ivan)

vss

c=10f
w CONFIG DELAY CELL LONG

w
>

« the falling and rising edges with non-symmetrical shape
« differential amplitude of 120 mv



Duty cycle distortion

universitétbonn\

* Duty cycle distortion was overlooked during DHPT 1.0 sign-off

/[DOoUT
(max. delay output)

I /net011
(input)

[RX_OUT

I pouT
(max. delay output)

I net011
(input)

B RrRx_ouTt

I pout
(max. delay output)

oou oo oY ooy ue uf

time (ns)



LVDS Receiver (DHPT 1.0)

* LVDS RX with build-in hysteresis

Name Vis

V4Vem

I /net06 é 1.257414V1.2

13
1.2

=

< 1.2
11
11

I /RX_OUT i -4.45445mV1.2 15

Markers

1.2
1.0
S5
> .5
25
0.0
-25

-
|

N

\2] \E \4
V1

universitatbonn

Mo w3

RX-

GBH[ v

[ M

IVI1O

M14

|_

=2
=

0.0 5.0 10.0 15.0

200

time (ns)

Vem Vi

v2

Vi v4

X 5.0ns
/net06
/net06 1.2 1.2v

/RX_OUT
[RX_OUT 1.2 1.2v

25.03.2015, TKishishita

17.4689ns

1.199378V

37.1315nV

7.31256ns 20.3707ns
1.130623V 1.257414V

1.22718V -4.45445mV

AVri5e=57 mV
‘ AVia=70 mV (for nominal corner)

RS

AVfall
55 mV

71 mV
68 mV
85 mV

AVrise
46 mV
57 mV
57 mV
68 mV

P.2




LVDS Receiver Desigh Modification

universitétbonnl

FET sizes and layout modified to reduce hysteresis (~50% of the current DHPT1.0 design).
Hysteresis values with extracted model

AVrall

DCD-like input behaviors (Vamp=0.1V)

I R_OUT 1
B ro_ouT

R OUT &

I oo 1 emiESip 245 Jk 17

RO OUT

07.04.2015, TKishishita

350

it | 57.7%

Duty
cycle

55.7%

57.3%

=SS S ===iESE it f
—F | T ¥ - T
SEScSSSiseoe=ne=w I fs | 58.3%
== S=SIEEEIEER | = = ==,
PE==== e e e =
| el ] g | BB
== | l.__l } J |..__:|,!: [ 3 58 LD
== = . . =

7s

200

IJIJI_‘.SI

time (ns)

" as0

Duty cycle after max. delay is ~60% in the worst corner.

.4;:.-5...
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