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Description

NEC's Analog Master families (CHS, V-CHS, M-CHS
Series) are bipolar linear arrays for developing analog
circuits operating up to radio frequencies (RF). Analog
Masters allow integrating numerous analog functions
onto a single chip. This is accomplished by means of
connecting up, in series or parallel, arrays of NPN/PNP
transistors, on-chip resistors and MOS capacitors to
form useful analog functions. These ASIC circuits are
ideal for applications in multimedia, telecommunications
or test and measurement where low power, compact
and high speed circuits are desired.

Analog Master products are fully supported by NEC's
advanced ASIC design technology. Various dedicated
design and development tools and services available fof
designing these circuits. The CHS, V-CHS, M-CHS
libraries provide various and commonly used analog
functions at various power and drive levels.

Features

O Analog signal processing up to RF frequencies

O High frequency operations:
fr up to 7 GHz for NPN transistors;
fr up to 1 GHz for PNP transistors (V-CHS)

O Excellent hgg characteristics
High frequency bipolar process technology

On-chip polysilicon resistors and low parasitic
capacitances

Powerful block library of analog functions
High voltage operation up to 44V (M-CHS)
DIP, S-DIP, SOP and QFP packages available

Hardware simulation using TEG (Test Element
Group) basic blocks

O 0o
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Publications

This data sheet contains preliminary specifications,
package information, and operational data for the CHS,
V-CHS and M-CHS Analog Master families. Additional
design information is available in the CHS Block Library
(TBD) and Design Manual (Doc. No. 70162); V-CHS
Design Manual (Doc. No. 70135); and M-CHS Block Li-
brary (TBD) and Design Manual (Doc. No. 70164).
Contact your local NEC Design Center or the NEC Lit-
erature Center for further Analog Master design informa-
tion; see the back of this data sheet for locations and
phone numbers.

70165

Figure 1. Typical Analog Master Die

Analog Master Sizes

Device Total Maximum Available* /0 Pads
(WPC) Elements Transistors Resistors Capacitors (Max.)
CHS Devices
5020 1628 484 1116 28 28
5021 2328 688 1600 40 32
5022 3042 892 2098 52 50
5023 727 245 468 14 22
5024 6152 1508 4560 84 80
V-CHS Devices
5102 1367 251 1090 26 24
M-CHS Devices
5200 658 189 456 9 24
5201 1038 303 712 15 28
5202 1799 535 1225 27 40
5203 3104 932 2108 48 52
5204 4578 1382 3108 72 62

*An Analog Master circuit should be designed so that no more than
70% of the elements are used. Even with 70% usage, routing may
not be able to be completed, depending on the layout of the chip and
the number of pin-pairs used.
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ANALOG MASTER NEC

Circuit Architecture

Analog Master products are built with NEC's high an array of pre-diffused basic elements, NPN
frequency, precision bipolar process technology. As  transistors, PNP transistors, resistors and capacitors.
shown in figure 2, bipolar array master chips are divided  The circuit is configured by connecting desired elements
into pad and internal areas. The pad area contains pads  together with automated CAD tools, using a design flow
and protection circuits that isolate the internal elements similar to gate arrays.

from high-energy external signals. The internal area is

Figure 2. Analog Master Chip with Major Elements Defined
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1 NPN transistor (HDT1)
2 NPN transistor (HTW4)
3 NPN transistor (HEW4)
4 NPN transistor (HTT5)
5 Lateral PNP transistor (HLP2)
6 Lateral PNP transistor (HLP2A)
7 Vertical PNP transistor (HVP3)
8 P+resistor (500 Q)
9 P resistor (10 k)
10 Polysilicon resistor (500 Q)
11 MOS capacitor (5 pF)
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Pads for trimming
Bonding pads
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ANALOG MASTER

Absolute Maximum Ratings

Resistor Characteristics

Parameters Symbol  Ratings Unit Family Family Unit Resistor Absolute  Relative*
14 v CHS Resistor Type Accuracy Accuracy
Supply voltage Vcc 44 v M-CHS 500 ion-injected +15% +2%
11 Y] V-CHS CHS 5K ion-injected +15% +2%
Operating temperature  Tgpr  -30t0+85 °C 2.5k ion-injected +20% +3%
Storage temperature Tstg -55t0+125 °C 3k ion-injected +20% +3%
500 ion-injected +15% +2%
V-CHS 5k ion-injected +15% +2%
Capacitor Characteristics 200 omdinjected  +20% 3%
1k ion-injected +20% +3%
Family Unit Absolute Relative* — - -
Capacitor Accuracy Accuracy 500 ion-injected +15% +2%
CHS 5 pF +15% +2% M-CHS 10k ion-injected +15% +2%
V-CHS 5 pF +15% +0%, 500 ion-injected +20% +3%
M-CHS 5pF +15% +99%, *In close juxtaposition

*In close juxtaposition
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Analog Master CHS Family

Table 1 Product Outline

CHS Master Slice HPC5020 l pPC5021 I uPC5022 | pPC5023 | pPC5024 Conditions
Process High Frequency Bipolar CHS-process
Max Supply Voltage 14V
Number of Pads 28 32 50 22 80
Total Number of Elements 1628 2328 3042 727 6125
Transistor Elements 484 688 892 245 1508
NPN Type CHTH1 224 320 416 112 672 Ic max. = 2 mA*
CTW4 28 40 52 13 84 I max. = 18 mA
CEW4 8 8 8 4 80 IC max. = 18 mA
PNP Type CLP1 168 240 312 84 504 Ic max. = 0.05 mA, lateral
CVP1 56 80 104 32 168 Ic max. = 0.5 mA, vertical
Number of Resistors 1116 1600 2098 468 4560
500 ohms 544 784 1024 224 1664 lon-injected resistor (P*)
Ohmic value 5k ohms 544 784 1024 200 2496 lon-injected resistor (P7)
2.5k ohms 28 32 50 - - Polysilicon resistor
3k ohms - - - 44 400 Polysilicon resistor
Capacitors (5 pF) 28 40 52 14 84 MOS Capacitor
o ax Collector current value at which the DC amplification factor (h_) drops 30% from the peak
Table 2 Typical CHS Transistor Electrical Characteristics
Parameter Symbol NPN Transistors PNP Transistors Conditions
CHT1 CTw4 CEW4 CLP1 CVP1 T,=25°C
Absolute | Collector-Base Voltage Veso 25V 25V 25V 25V 25V
Maximum [ Collector-Emitter Voltage | V., 14V 14V 14V -14V -14V
Ratings Emitter-Base Voltage Vego 3V 2V 2V 25V -6V
Collector Current [ 4 mA 18 mA 18 mA —4 mA -1 mA
DC Amplification Factor hee 100 100 100 250 75 NPN: | = 500 A
PNP: 1, =10 pA
Collector Current lomax 2mA 18 mA 18 mA -50 pA -0.5mA heg is 30 % down
Gain Bandwidth Product = 4.5 GHz 6 GHz 6 GHz 7 MHz 280 MHz Vee =30V
DC Emitter-Base Voltage Ve 081V 075V 0.71V -0.66 V -0.69V NPN: |, =500 pA
Electrical PNP: 1. =10 pA
Charac- 3.1 1.9 2.4 5.5 6.0 NPN: 1_ = 100 pA
teristics | Input Voltage Noise e, PNP: I, =10 pA
(V7 V Hz) 2.8 0.95 2.4 3.1 3.2 NPN: I =1 mA
PNP: I =50 pA
0.67 0.63 0.45 0.2 0.26 NPN: I, =100 pA
Input Current Noise i PNP: 1o =10 bA
(pA /Y Hz) 2.8 20 2.0 0.9 1.0 N I'z - OmﬁA
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Analog Master V-CHS Family

Table 3 Product Outline

V-CHS Master Slice pPC5102 Conditions
Process High Frequency Bipolar V-CHS
Max Supply Voltage 11V
Number of Pads 24
Configuration Total Blocks
High Freq. Power Other Types
Elements 1367 218x5 251 26
Transistors 251 38x5 61
FDT2 115 17 X5 30 I, max. = 1.6 mANete !
NPN FDT4 30 6 X5 I(; max. = 3.2 mA
FTT4 37 6 X5 I max. = 6.4 mA
FEWS5 4 0 I, max. = 18 mANoe 2
PNP FLP1 20 0 20 I max. =32 pA, lateral
FVP1 45 9Xx5 0 I max. = 1.0 mA, vertical
Resistors 1080 180 X 5 190
500 ohms 200 28X5 60 lon-injected resistor (P*)
5 k ohms 330 42X5 120 lon-injected resistor {P7)
200 ohms 360 70X 5 10 Polysilicon resistor
1 k ohms 200 40 x5 0 Polysilicon resistor
Capacitors (5 pF) 26 0 0 26 MOS Capacitor

Notes: 1. ’c MAX:

: Collector current value at which the DC amplification factor (h_.) drops 30% from the peak

2. In addition to these transistors, two diodes are also connected near each bonding pad for absorbing static electricity

Table 4 Typical V-CHS Transistor Electrical Characteristics

Parameter Symbol NPN Transistors PNP Transistors Conditions
FDT2 FDT4 FTT4 FEWS FLP1 FVP1 T,=25°C
Absolute | Collector-Base Voltage Veso 20V 20V 20V 20V -20V -20V
Maximum | Collector-Emitter Voltage | V., 11V 11V 11V 11V -1V -11V
Ratings Emitter-Base Voltage €8O 25V 25V 2V 2V 22V -8V
Collector Current [ 3.2mA 3.2mA 6.4mA 18mA -3.2mA | -1.5mA
DC Amplification Factor hee 100 100 100 100 100 50 NPN: | = 500 A
PNP: 1. =1 pA (FLP1
I, = 10 yA (FVP1)
Collector Current | opmax 1.6mA 3.2mA 6.4mA 18mA -32mA -1.0mA hee is 30 % down
Gain Bandwidth Product f; 6 GHz 7 GHz 6.5GHz | 6.5GHz 7 MHz 1 GHz Vg =3.0V
Electrical Har. . L
DC Emitter-Base Voltage Vae 082V 0.78 V 0.76 V 0.76 V 0.67 V 0.68 V NPN: I_ = 500 pA
Charac- PNP: 1, =10 pA
teristics _ 2.0 1.8 1.6 2.1 5.0 50 |NPN: I =100 pA
Input Voltage Noise e PNP: I, =10 pA
(nV/N Hz) NPN: 1. =1mA
1.8 0.95 0.8 1.7 33 3.0 PNP: I, =50 pA
0.55 0.55 0.55 0.55 0.21 033 | NPN: o =100 LA
Input Current Noise i ' ' ' ' - ' PNP- 1, =10 pA
N NPN: |, =1mA
(PA/V Hz) 2.5 2.5 25 25 0.8 12 | pNP: IS =50 pA
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Analog Master M-CHS Family

Table 5 Product Outline

M-CHS Master Slice HPC5200 yPC5201 HPC5202 pPC5203 ] HPC5204 Conditions
Process High Frequency, High Breakdown Bipolar M-CHS-process
Max Supply Voltage 44V
Number of Pads 24 28 40 52 62
Total Number of Elements 658 1038 1799 3104 4578
Transistor Elements 189 303 535 932 1382
NPN Type HDT1 72 120 216 384 576 |C max. = 1 mA*
HTW4 9 15 27 48 72 IC max. = 10 mA
HEW4 12 14 20 26 31 IC max. = 10 mA
HTT5 12 14 20 26 31 IC max. = 18 mA
PNP Type HLP2 48 80 144 256 . 384 IC max. = 0.12 mA
HLP2A 18 30 54 96 144 IC max. = 0.12 mA
HVP3 18 30 54 96 144 I max. =0.12 mA
Number of Resistors 456 712 1225 2108 3108
500 ohms 144 240 426 760 1144 lon-injected resistor (P*)
Ohmic value 10k ohms 216 360 639 1140 1716 lon-injected resistor (P7)
500 ohms 91 112 160 208 248 Polysilicon resistor
Capacitors (5 pF) 15 27 48 72 MOS Capacitor
Trimming (Zap) diodes 4 8 12 16 16 Zener diodes

*| .
C MAX®

Table 6 Typical M-CHS Transistor Electrical Characteristics

Collector current value at which the DC amplification factor (h..) drops 30% from the peak

Parameter Symbol NPN Transistors PNP Transistors Conditions
HDTA HDW4 | HEW4 | HTT5S HLP2 | HLP2A | HVP3 T,=25°C
Absolute | Collector-Base Voltage Veso 44V 44V 44V 44V 44V —44 vV —-44 'V
Maximum | Collector-Emitter Voltage [ V., 44 V 44V 44V 44 Vv —-44 'V -44 'V —44V
Ratings Emitter-Base Voltage Vero 5V 5V 5V 5V -165V | -165V |-165V
Collector Current I 4 mA 18mA | 18mA| 18mA | -1mA | -1TmA | —1TmA
h 50 50 50 50 50 50 50
o FE (MIN) NPN: I = 500 pA
DC Amplification Factor FTvP) 100 100 100 100 100 100 100 PNP: I = 10 pA
hFE(M A%) 200 200 200 200 200 200 200
Collector Current lopax 1 mA 10mA | 10mA | 18 mA |-0.12mA|-0.12mA| —1mA heg is 30 % down
Gain Bandwidth Product = 2GHz | 2GHz | 2GHz| 2GHz | 2MHz | 2MHz |50 MHz Vee =3.0V
Electrical Ve 074V | 067V | 067V | 065V | 067V | 067V | 064V NPN: | = 100 uA
Charac- | DC Emitter-Base Voltage| Vg 076V | 069V | 069V | 067V | 069V | 069V | 066V PNP: |C "~ 10 ppA
teristics Ve 078V | 0.71V | 071V | 069V | 071V | 0.71V | 068V nc
NPN: |. =100 pA
. e 3.8 1.6 2.2 1.5 5 5 5 c
Input Voltage Noise N PNP: |_ =10 pA
(nv/ v Hz) NPN: I, =1mA
3.8 1.2 2.0 1.0 34 2.2 2.7 PNP: |, =50 pA
i 0.7 05 0.6 05 | 026 | 026 | 03 |NPN:le=100pA
input Current Noise N PNP: 1o =10 pA
A/ Hz NPN: I.=1mA
P ) 3.8 1.8 2.0 23 0.7 0.7 07 | oo (€ 2n o
v DataSheeidl com




NEC ANALOG MASTER

Package Plan

Analog Master Family CHS V-CHS M-CHS
HPCxxxx -5020 -5021 -5022 -5023 -5024 -5102 -5200 -5201 -5202 -5203 -5204
Dual in Line (DIP)
8-pin (300 mil) A A - A - A A - _ — _
14-pin (300 mil) - - - A - A A - — - —-
16-pin (300 mil) - - - A - A A _ _ _ _
18-pin (300 mil) - - - A - A A - - - -
22-pin (400 mil) - - A - - - A A A - -
24-pin (600 mil) - - - - - - - A — A _
28-pin (600 mil) - - - - - — —- _ A _ _
42-pin (600 mil) - - - - - — - A _ A A
Dual in Line (S-DIP)
14-pin (300 mil) A A - - - - A - - _ _
18-pin (300 mil) A A - A - - ~- - _ _ -
20-pin (300 mil) - - - A - A A - — — _
22-pin (300 mil) - A - A - A - - - _ -
24-pin (300 mil) A A - - - - - - — — _
24-pin (400 mil) - - - - - - A A — - -
28-pin (400 mil) - A A - - - - - A A _
30-pin (400 mil) - A A - - - - - A - —
42-pin (600 mil} - - A - - - - A A - A
48-pin (600 mil) - - - - A - - - _ A A
Small Outline Package (SOP)
8-pin (225 mil) - - — A — — — _ _ _ _
8-pin (300 mil) - - - - - A - - — — _
14-pin (225 mil) - - - A - - - - - _ _
16-pin (225 mil) - - - A - - . ~ — _ _
16-pin (300 mil) A - - - - A A - - — _
16-pin (375 mil) - A - - - - - - - — _
20-pin (300 mil) A A - A - A A - - — _
24-pin (300 mil) A A - A - A A A - - -
24-pin (375 mil) - - A - - - - A - -
28-pin (375 mil} A A A - - - - A A - —
Small Outline Package (S-SOP)
14-pin (225 mil) - - - A - A - - _ — -
16-pin (225 mil) - - - A - A - - - - _
20-pin (300 mil) A - - - - A A E - - -
24-pin (300 mit) - - - - - - E E — — _
36-pin (300 mil) A - - - A A - - - _
Quad Flat Pack
48-pin {7 x7) - A A - - - - A - - -
48-pin (10 x 14) - - A - A - A - - A -
48-pin (10 x 10) - - A - - - - - A - _
64-pin (14 x 20) - - - - - - - - — A —
68-pin  (10x 14) - - - - A - - - - - _
80-pin {14 x 20) - - - - A - — _ - _ _
80-pin (14 x 14) - - - - - - - - - _ A
A = Available; "-" = Unavailable; E = under consideration or evaluation
NOTE: NEC reserves the right to alter the package plan based on the results of qualification.
For current package availability, please contact your local NEC Design Center. veww.DataSheet4U.com
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NEC’s Analog Master Design System

Analog Master bipolar arrays are fully supported by NEC’s
network of ASIC Design Centers, listed on the back of
this data sheet.

Design flow for CHS, V-CHS, and M-CHS ASIC prod-
ucts is shown in figure 4. Users can enlist Design Center
support at any step in the design flow before actual
manufacturing. The first step is to create the block dia-
gram of a circuit. Next, each block at the element level is
designed. A package then must be selected at this stage.

Other considerations in the design are DC, AC transient
analysis, analysis of element characteristics for tempera-
ture and variation of supply voltage, and dealing with
static electric destruction. This is followed by determin-
ing the pinouts on the chip and the package selected.

NEC supports its ASIC products with a comprehensive
CAD system, described below in Table 8, that signifi-
cantly reduces the time and expense usually associated
with the development of semi-custom analog devices.
The system supports schematic entry, simulation, and
advanced place-and-route algorithms. These advanced
CAD tools ensure accurate designs.

Sample design kits are available at no charge to quali-
fied users: contact an NEC ASIC Design Center for more
information. (Software licensing required—NEC reserves
the right to prioritize support based on user require-
ments.)

Figure 4. Analog Workbench Design Flow

Create block diagram
to be integrated

l

Design roughly

|

Select package and array

|

Design circuit in detail

|

Set test conditions
and ratings

Consider reliability

|

Evaluate breadboard
(if needed)

Determine package

|

Create layout request

Interface
83RD-9264A
Table 8 Analog Master Design Tools
Vendor| Cadence| Zuken | Viewlogic | Micro Sim.| OrCAD Mentor Media

Hardware Software| AWBIIic | CR-3000/| Workview | PSPICE | OrCAD/* | IDEA Station| 1/4in. 3.5in. 5in.
Vendor Product AWS* SDT I (MSPICE) |Cartridge FD FD
NEC EWS4800 — v — — — — v —

PC9801 — — v ) — — v —_
SUN SUN3/SUN4 ¥ — — — —_ ¥ ¥ —_
Microsystems | SPARC v V — — — y v —
IBM PC/XT or /AT — — ¥ — — — ¥ v

HPS000 300/400 ¥ ) — — — v — —
HP DN3000/4000 — — — — y ¥ - ¥

HP-Apollo-400 — — — — v v — —

*This is to be used with the software entitled Analog Master Developing Support Software.
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Block Library List

Macro Library (M-CHS)

The Analog Master families offer a variety of analog  Block List
macros, such as operational amplifiers, comparators, y S—
voltage regulators and switches to build analog functions. N:;r: escription

Macro Library (CHS)

Operational Amplifiers

Block List 0OA201 General Purpose operational amplifier
Macro Description 0A202 Single supply operational amplifier
Name 0OA203 Micro-power operational amplifier
OA206 Low noise operational amplifier
Operational Amplifiers Comparators
OAO01A General Purpose operational amplifier CP201 Single supply comparator
OA02 Single supply operational amplifier CP202 High speed comparator
OAO3A Micro-power operational amplifier
OAD4A High impedance input Op Amp Regulators
OAO05 High speed, wide bandwidth, Op Amp RG201 Voltage regulator (1.3 - 36V)
OA0BA/-06B  Single supply operational amplifier RG202 High accuracy voltage regulator (5V = 2.5%)
OA07A/-07B High speed operational amplifier
Switches

Comparators

) SW201A Bi-directional switch (H-active)
CPO1 Single supply comparator SW201B Bi-directional switch (L-active)
CPO2 High speed comparator
Regulators
RGO1A Voltage regulator (1.3 - 9V)
RGO2A Voltage regulator (2.5 - 9.5V)
Switches
SWO1A Bi-directional switch (Active- high)
SW01B Bi-directional switch (Active-low)
ECL
ELO1 ECL OR
ELO2 ECL NOR
Filters
FLO1 - 04 Audio filter (400 Hz f_ 200 kHz)
FLO5 - 08 Video filter (200 kHz f . 5 MHz)

Trademark Notes:
Analog Master, EWS4800 series, and PC-98 series are trademarks of NEC Corporation.
SUN series is a trademark of Sun Microsystems Corporation.
SPARC Station is a trademark of SPARC International Inc.

HPS000 is a trademark of Hewlett Packard Company.

PC/XT, PC/AT is a trademark of International Business Machines Corporation.
DN series is a trademark of Hewlett Packard Company.

CR-3000/AWS is a trademark of Zuken Incorporated.

Workview is a trademark of Viewlogic Systems Corporation.

PSPICE is a trademark of Microsim Corporation.

OrCAD is a trademark of OrCAD International Corporation.

IDEA Station, MSPICE is a trademark of Mentor Graphics Corporation.
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NEC ASIC DESIGN CENTERS

WEST

* 401 Ellis Street
P.O. Box 7241
Mountain View, CA 94039

TEL 415-965-6533
FAX 415-965-6788 -

¢ Research Triangle Park
2000 Regency Parkway, Suite 455
Cary, NC 27511

TEL 919-460-1890
FAX 919-469-5926

¢ 16475 Dallas Parkway, Suite 380
Dallas, TX 75248

TEL 214-250-4522
FAX 214-931-8680

e One Embassy Centre
9020 S.W. Washington Square Road,
Suite 400
Tigard, OR 97223

TEL 503-671-0177
FAX 503-643-5911

e 200 E. Sandpointe, Bldg. 8, Suite 150
Santa Ana, CA 92707

TEL 714-546-0501
FAX 714-432-8793

THIRD-PARTY DESIGN CENTERS

SOUTH CENTRAL/SOUTHEAST

e Koos Technical Services, Inc.
385 Commerce Way, Suite 101
Longwood, FL 32750

TEL 407-260-8727
FAX 407-260-6227

* Integrated Silicon Systems Inc.
2222 Chapel Hill Nelson Highway
Durham, NC 27713

TEL 919-361-5814
FAX 919-361-2019

SOUTH CENTRAL/SOUTHEAST

NORTH CENTRAL/NORTHEAST

¢ One Natick Executive Park
Natick, MA 01760

TEL 508-655-8833
FAX 508-653-2915

e Greenspoint Tower
2800 W. Higgins Road, Suite 765
Hoffman Estates, IL 60195

TEL 708-519-3945
FAX 708-882-7564

NEC

NEC Electronics Inc.

For literature, call toll-free 7 a.m. to 6 p.m. Pacific time:
1-800-366-9782
or FAX your request to: 1-800-729-9288

CORPORATE HEADQUARTERS

No part of this document may be copied or reproduced in any form or by any means without the prior written consent of NEC
Electronics (NECEL). The information in this document is subject to change without notice. Devices sold by NECEL are covered

475 Ellis Street

P.O. Box 7241

Mountain View, CA 94039
TEL 415-960-6000

by the warranty and patent indemnification provisions appearing in NECEL Terms and Conditions of Sale only. NECEL makes
no warranty, express, statutory, implied, or by description, regarding the information set forth herein or regarding the freedom of
the described devices from patent infringement. NECEL makes no warranty of merchantability or fitness for any purpose. NECEL
assumes no responsibility for any errors that may appear in this document. NECEL makes no commitment to update or to keep
current information contained in this document. The devices listed in this document are not suitabie for use in aircraft, aerospace

equipment, submarine cables, nuclear reactor control systems and life support systems. if customers intend to use NEC devices
for above applications or they intend to use “standard” quality grade NEC devices for applications not intended by NEC, please

contact our sales people in advance.

©1993 NEC Electronics Inc./Printed in U.S.A.
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