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CMOS Micropower Phase-Locked Loop O et Plaso eomparatars:

1. Exclusive-OR network
The RCA-CD4046A CMOS Micropower 2. Edge-controlled memory network with
Phase-Lacked Loop (PLL) consists of a low-

phase-pulse output for lock indication
power, linear voltage-controlled osciliator

{(VCO) and aiff t phase ¢ tors u High VCO linearity: 1% (typ.)
and two different phase comparato Lo ) ¥
having a common signal-input amplifier and ® VCO inhibit control for ON-OFF keying

a common comparator input. A 5.2-V zener and ultra-low standby power consumption

Features:
w Very low power consumption:

70 uW (typ.} at VCO fo = 10 kHz, Vpp =5 V
8 Qperating frequency range up to 1.2 MHz {typ.)

diode is provided for supply regulation if . :J,VDD = :0 Vl LV Vec=6 ® Source-follower output of VCO controt input
necessary. ide supply-voltage range: Vpp — Vs§ {Demod. output)

These types are supplied in 16-lead hermetic to15V 8 Zener diode to assist supply regulation
dual-in-line ceramic packages (D and F ® Low frequency drift: 0.06%/°C (typ.) ® Quioscent current specified to 15 V
suffixes), 16-lead dual-in-line plastic pack- atVpp =10V ® Maximum Input leakage current of 1 gA

age (E suffix), 16-lead ceramic flat packages

(K suffix), and in chip form (H suffix). at 15 V {tull package-temperature range)

VCO Section Applications:

Ths veo 'etq”"es i el"te'."?' ca‘(’;ﬂim’ g: coupapaton = FM demodulator and modulator

and one or two external resistors or . . 'R T) .
and R2). Resistor R1 and capacitor C1 ==L = Frequency sy.ntheslls and multiplication
determine the frequency range of the VCO ® Frequency dmfrim-mator

and resistor R2 enables the VCO to have a o ® Data synchronization

frequency offset if required. The high input A 8 Voltage-to-frequency conversion
impedance {1012€2) of the VCO simplities ® = Tons decoding

the design of low-pass filters by permitting ¢ » FSK — Modems

the designer a wide choice of resistor-to- vas § 8 ® Signal conditioning

capacitor ratios. In order not to load the A2

low-pass filter, a source-follower autput of ¥+ N~@H = (See ICAN-6101) “RCA CMOS

the VCO input voltage is pravided at terminal " O Phase-Locked Loop — A Versatile

10 (DEMODULATED QOUTPUT). If this Building Block for Micropower

terminal is used, a load resistor {Rg) of 10
kQ or more should be connected from this
terminal to Vgs. [If unused this terminal
should be left open. The VCO can be con-
nected either directly or through frequency
dividers to the comparator input of the
phase comparators. A tull CMOS logic
swing is available at the output of the VCO
and allows direct coupling to CMOS
frequency dividers such as the RCA-CD4024,
CD4018, CD4020, CD4022, CD4029, and
CD4059. One or more CD4018 (Preset-
table Divide-by-N Counter) or CD4029 (Pre-
settable Up/Down Counter), or CD4059A
{Programmable Divide-by-“N*' Counter), to-
gether with the CD4046A (Phase-Locked
Loop) can be used to build a micropower
low-frequency synthesizer. A logic 0 on the
INHIBIT input “enables’ the VCO and the
source follower, while a logic 1 ‘‘turns off’’
both to minimize stand-by power consump-
tion.

Phase Comparators

The phase-comparator signal input {terminal
14) can be direct-coupled provided the signal
swing is within CMOS logic levels [logic
“0" <30% {Vpp-Vss), logic 1" = 70%
(VDD-Vss}]. For smailer swings the signal
must be capacitively coupled to the self-
biasing ampilifier at the signal input.

Phase comparator | is an exclusive-OR net-
work; it operates analagously to an over-
driven balanced mixer. To maximize the lock
range, the signal- and comparator-input fre-
quencies must have a 50% duty cycle. With
no signal or noise on the signal input, this
phase comparator has an average output
voltage equal to Vpp/2. The low-pass filter
connected to the output of phase comparator
I supplies the averaged voltage to the VCO
input, and causes the VCO to oscillate at the
center frequency (fq).

The frequency range of input signals on
which the PLL will lock if it was initially

Voo
- F
O GATES
R

V53
ALL INPUTS ARE PROTECTED BY
COS/MOS PROTECTION NETWORK.

92CS-22887R1

Fig.1 — COS/MOS phase-locked loop block diagram.

MAXIMUM RATINGS, Absolute-Maximum Values:

STORAGE-TEMPERATURE RANGE (T,
OPERATING-TEMPERATURE RANGE (Ta)
PACKAGE TYPES D, F, K, H _
PACKAGE TYPE E . ... . ... ...
DC SUPPLY-VOLTAGE RANGE. (Vpp)
{Voltages referenced to Vgg Termmnal)
POWER DISSIPATION PER PACKAGE (Pg):
FOR T 5= —40 to +60°C (PACKAGE TYPE E)
FOR T, = +60 to +85°C (PACKAGE TYPE E')

Stg' e

FOR T4 =-55 to +100°C (PACKAGE TYPES D, F, K)
FOR T4 = +100 to +1256°C (PACKAGE TYPES D, F, K)

DEVICE DISSIPATION PER OUTPUT TRANSISTOR
FOR T, = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)

INPUT VOLTAGE RANGE, ALL INPUTS
LEAD TEMPERATURE (DURING SOLDERING).

At distance 1716 * 1/32 inch {159 * 0.79 mm} from case for 10 s max.

out of lock is defined as the frequency cap-
ture range (2f¢).

The frequency range of input signals on
which the loop will stay locked if it was
initially in lock is defined as the frequency
lock range {2f ). The capture range is < the
lock range.

With phase comparator | the range of fre-
quencies over which the PLL can acquire
lock ({capture range) is dependent on the
low-pass-filter characteristics, and can be
made as large as the lock range. Phase-com-

Digital and Analog Applications”

—65 to +150°C

~55 10 +126°C
—~40 to +85°C

—05t0+15V

6§00 mW
Derate Linearly at 12 mW/°C to 200 mW
500 mW

.... . Derate Linearly at 12 mW/°C to 200 mW

....... 100 mwW
-05t0 Vpp 05 V

+2659¢C

parator | enables a PLL system to remain
in lock in spite of high amounts of noise
in the input signal. -

One characteristic of this type of phase com-
parator is that it may lock onto input fre-
quencies that are close to harmonics of the
VCO center-frequency. A second charac-
teristic is that the phase angle between the
signal and the comparator input varies be-
tween 0° and 1809, and is 909 at the center-
frequency. Fig. 2 shows the typlcal, trian-
gular, phase-to-output response characteristic

574
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7 RECOMMENDED OPERATING CONDITIONS

] AVERAGE OUTPUT For maximum reliability, nominal operating conditions should be selected so that p

= VOLTAGE . . cap s . .

g Voo operation is always within the following range:

b

g IT

£ wore CHARACTERISTIC L L T

g Min. { Max. B

Supply Voitage Range (For T 5 = Full Packa
¥ pply ge Range ( A Ll S 12 v
SIGNAL -T0 - COMPARATOR Temperature Range
IRPUTS PHASE DFFERENCE
92CS-20009
Fig.2 — Phase-comparator | characteristics ELECTRICAL CHARACTERISTICS at Ta= 259C
at low-pass filter output,
R Limits

of phase-comparator 1. Typical waveforms Test Conditions
for a CMOS phase-locked-loop employing Characteristic Vo IV All Package Types | Units
phase comparator I in locked condition of f,, 0 1¥DD |
is shown in Fig. 3. Voits jVolts | Min. | Typ. [Max,

Phase Comparator Section

SIGNAL [HPUT ITEAM. 141 I | | 1 VCO Operation = 5 = 15

Operating Supply Voltage, Vpp—V A
¥CO OUTAUT (TERM 41+ perating Supply Voltage, VDD —VsS Comparators only — 3 = 16
COMPARATOR INPUT I r
(TERM 3) Total Quiescent Device Current, I: 5 - 25 -
e L B N
SR TeRe B —voo Term. 14 Open Term. 15 open 10 = 200 | — A
‘E%."".‘i‘u"ﬁt"‘g:" NN T fatv v Term. 5at Vpp 5 - [ 15
*GoTRuT —vgs erm. 14 at Vsg or Vpp
s2e3-20008 Terms. 3& 9 at Vsg 10| - 25 | 60 7
. . 15 — 60 | 500 N
Fig.3 — Typical wavefarms for COS/MOS phase- 5 ] 2 3
locked loop esmploying phase comparator Term. 14 {SIGNAL IN} -
in locked itit ff, . -
Lin locked condition of f,. Input |mpedance, Z1a 10 0.2 0.4 MR
15 - 0.2 ~
Phase-comparator I is an edge-controlled AC-Coupled Signal Input 6 - 200 | 400
digital memory network. It consists of four Voltage Sensitivity® See Fig.7 10 - 400 | 800 | mV

flip-flop stages, control gating, and a three- {peak-to-peak)
state output circuit comprising p- and n-type
drivers having a common output node. When

15 = 700 -
5 15 | 2.25 -

OC-Coupled Signal tnput

the p-MOS or n-MOS drivers are ON they and Comparator input 10 3 45

pull the output up to Vpp or down to Voltage Sensitvity 5 | as : -

Vgs, respectively. This type of phase com- Low Level Gl BLCITA BB V!
parator acts only on the positive edges of ] - 275 | 35

the signal and comparator inputs. The duty High Level vo | 10 - 5.5 7
cycles of the signal and comparator inputs Valts| 15 — 8.25 -

are not important since positive transitions

control the PLL system utilizing this type Output Drive Current: Phase Comparator | 0.5 | 6 (043 086 | ~
of comparator. If the signal-input fre- n-Channel (Sink) IoN &I Term.2& 13 | 05 | 10 1.3 25 -
quency is higher than the comparator-input ’ 0.5 5 0.23 | 0.47 -
frequency, the p-type output driver is main- Phase Pulses 06110 o7l 1a | =
tained ON most of the time, and both the P TR o3| o6 mA
n and p drivers OFF (3 state) the remainder ase L-omparator : ot B -
of the time. If the signal-input frequency »Channel {Source) .- P&l Term.2& 13| 956 | 10 | -09] 18 | —
is lower than the comparator-input frequen- ! ¢l i>aurcel, D 45| 5 [-0.08f-0.16] -
cy, the n-type output driver is maintained Phase Pulses 95 | 10 f-026] —05 | —

ON most of the time, and both the n and
p drivers OFF (3 state) the remainder of
the time. If the signal- and comparator-
input frequencies are the same, but the
signal input lags the comparator input in
phase, the n-type output driver is main- x__.I._n_T_|

tained ON for a time corresponding to the ',— ] l:i
phase difference. If the signal- and com- SIGHAL IWPUT (YERM. 14} .

parator-input frequencies are the same, but :é;&i::ﬁg el J_‘—h‘_l_,_,_

the comparator input lags the signal in phase,

tnput Leakage Current, I1, l{4 Max. Any Input 15 - |+10-5 1 HA

* For sine wave, the frequency must be greater than 1 kHz for Phase Comparator 11,

the p-type output driver is maintained ON T St S N, — :
for a time corresponding to the phase dif- N ':!o:

ferance. Subsequently, the capacitor voltage PP - " -vgs

of the low-pass filter connected to this phase OUTRUT 2 2 %0

comparator is adjusted until the signal and Prase P se teauwn “Ves

comparator inputs are equal in both phase HOTE: DASHED LINE IS AN OPEN- CINCUIT CONDITION 9208-2000

and frequency. At this stable point both p-

and n-type output drivers remain OFF and Fig.4 — Typical waveforms for CMOS phase-locked loop

thus the phase comparator output becomes employing phase comparator Il in locked candition.

an open circuit and holds the voltage on the

capacitor of the low-pass filter constant.
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ELECTRICAL CHARACTERISTICS at Ty = 25°C Moreover the signal at the-“phase pulses'
: output is a high level which can be used for
Limits indicating a locked condition. Thus, for
Test Conditions phase comparator II, no phase difference
Charactaristic Vo | Voo All Package Types | Units exists between signal and comparator input
- over the full VCO frequency range. More-
Voits| Volts | Min.] Typ. |Max. over, the power dissipation due to the low-
VCO Saction pass filter is reduced when this type of phase
Operating Supply Voltage As fixed oscillator only 3 - 16 v comparator ist l:ise_d becaus% It;%t'} t:u;n P :nc:
Vhp—V Phase-lockd - — n-typs output drivers are ‘or most o
DO_SS ase-lock-loop operation 5 18 the signal input cycle. It should be noted.
Operating Power fo=10kHz  Ry=1MQ 5 = 70 - that the PLL lock range for this type of phase
Dissipation Po R =% veo _Vop 10 - 600 = comparator is equal to the capture range,
! IN=73 15 - 2400 - independent of the low-pass filter. With no
R1=10kS2 |C1=100pF 5 0.25 05 _ §ignaj present at the signal input, the VCO
Maximum O perating Ro = 0 06 2 MH is adjusted to its lowest frequency for phase
Frequency frmax 2 C1 = 50 pF - : = z comparator II. Fig. 4 shows typical wave-
’ VCOIN = VDD 15 - 15 - forms for a CMOS PLL employing phase
Center Frequency (o) and comparator 11 in a locked condition.
Frequency Range, Programmable with external components R1, R2, and C1 B
fmax—fmin See Design Information
VCOIN =25V 03V, R1>10k2 5 - 1 -
Linearity =5V £25V, R1>400kQ 10 - 1 - %
=76V5V,R1=1MQ 15 = 1 -
Temperature-Frequency o 1 5 - 0.12-0.24| -
Stability®: %/0C o VoD 10 - | 0.04-0.08] -
No Frequency Offset 15 -~ 10.015-0.03F -
fMIn = 0 R2 = woc
1 5 - |o0o06-0.12] -
Frequency Offset %/0Cx 10 0.06-0.1
fMINFO f-voo ool
15 - 0.03-0.06| -
Input Resistance of 12
VCOIN (Term 9), R) 5.10.15 10 - s
VCO Output Voltage
{Term 4) 5,1015] - - 0.01
Low Level, VoL
————————————— L g
Oriving CMOS-Type s | 499 - -1V
High Level, VOH Load {e.g. Term 3 10 | 999 - -
Phase Comparator Input) 15 14.99 - —
VCO Output Duty Cycle 510,15 - 50 - %
veoo T v ) - 75 150
Timesmpm (.'ra:z“';" H Vo(l)u 10 - 50 100 | ns
; T 15 | - 40 -
VCO Output Drive
Current: 05| 5 |o43| ose -
-Ch ink IpN 0.5 10 1.3 2.6 -
a-Channet {Sink), Ip mA
" InP 45 5 -0.3 -0.6 -
p-Channel (Sourcel, Ip 95 10 _09 18 _
Source-Foltower Output 510 5 )
{Demodulated Qutput): .1 - 1. 2. v
Offset Voltage Rs> 10k 15 | - 15 -
{VCOIN-VDEM)
VCOjN =25:03V | 6 - a.1 -
Linearity Rg>50k2 =525V 10 - 0.6 - %
=155V 15 - 0.8 ~ .
Zener Diode Voltage (V) 17 = 50 pA 45 5.2 6.1 v
Zener Dynamic Iy =
Resistance, Rz z=1mA - 100 - Q

® Positive coefficient.

576 )
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DESIGN INFORMATION

This information is a guide for approximating
the values of external components for the
CD4046A in a Phase-Locked-Loop system,
The selected external components must be

10k2 <R1,R2, Rg <1 MQ
Ci>100pFatVpp=5V;
C1>580pFatVpp= 10V
In addition to the given design information
refer to Fig.5for R1, R2, and C1 component

CD4046A Types
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Fig.5(c} — Typical frax/fmin vs R2/R1.
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Fig.6fa) — Typical VCO power dissipation at center
frequency vs R1.
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Fig.6{b} — Typical VCO power dissipation at
fmin vs R2.

within the following ranges: selections.
Phase
Characteristics Comparator Deiign Information
Used
VCOWITHOUT OFFSET | VCOWITH OFFSET
Rp=oo
fo
taagfl = >
- 21,
1.,-4.1
VCO Frequency 1 :
| S W T
Yoo? Yoo Yo'2 Voo
¥CO INPUT VOLTAGE VCO INPUT VOLTASE
92¢3-200i2M
2 Same as for No.1
For No Signal Input 1 VCO will adjust to center frequency, {g
2 VCO will adjust to lowest operating frequency, fmin
2 f = full VCO frequency range
Frequency Lock 1 -
2L = fmax—fmin
Range, 2 f_
2 Same as for No.1
iN Ry our
Frequency Capture (n,(2)
Range, 2 fC T1R3C2 I:: 2% -1 2mfL
1 = c~n 71
N 3] our
Loop Filter
R&
Component For 2 fc, see Ref. {2)
Selection T?
2205 -21900
2 fc=fL
Phase Angle Between 1 90° at center frequency (fg) approximating 02
Signal and Comparator and 1800 at ends of lock range (2 )
2 Always 0% in lock
4] T TrveiCAL CENTER FREQUENCY E TYPICAL ()
', uN"v'o-uNI'"Vlf‘:"ON ;: l Uﬂ- TO-UNIT VARIATION
o t ( Bt rgi=% z o E * Voo ::Ar"::"“.:,;‘
i a0 Mpo{BFa T ™| " bxa's | pug's
1 . ] Pre's 7KG S, Tt 15T LR
7 - T30 60 3 S 6 8 ris )
- Pfmerooxa :_:o E o+ > 13 ¥5 219,
gty — %' dfRzun
FRLE 3 if
o E T 3 9% E
< S, & 3F
I, ; g7
LR i @, = ;:
|q‘ AMBIENT TEMPERATURE (Ta)s29° C ov__| 0
| vcomevoprz. a2 @ st vss Sv S[AMBIENT TEMPERATURE (Tals23°C .
. H v o] ¥COmeves INMIBITE Vg Qv
Tl PR : ol Lo [ T T I T I R T i = BT
‘q_( ..l;r.g 4.;)1 .s:)lz ”n:)"l Tea 2 s6e m‘-l As“;.z ns:ﬂz es: 46‘.°.|. anl z 488
VCO TIMING CAPACITOR [T VCO TIMING CAPACITOR (€)1 —pF
U TR}

Fig.5(a) — Typical center frequency vs C1 for
R1=10kQ,and 1 MQ and f, ~ 1/R1 C1.

2z¢s- 21ana-

Fig.5(b) — Typical frequency offset vs C1 for
R2=10kQ, 100kQ, and 1 MSL

% S AuBIENT TEMPERATURE {T,)<258°C
i ;' V€O s Vppl2, RICA2+ O
L
£ |
3! |
= 3
F s,
2 0’| Your,,
3§ 3
£ 7 (a1

2
57 ~eZ]
o i 3
N X
- 10,4 T
w IF
¢ o
(I
a 1 L2 | 1. [N 1 ]

2 4 &8 2 4 &0 3 2 4 &8
0 0 0
As-x0 22821508

NOTE: Lower frequency values are obtainable if farger values of C1

Fig.6fc) — Typical source follower power dissipation

than shown in Figs. (a) and 5{b} are used.

vs Rg.

NOTE: To obtain approximate total power dissipation of PLL system for noignal input
Pp (Total} = Pp (s} + Pp ip ) + Pp {Rg) — Phase Comparator 1
Pp (Total) = Pp (fpmyn) — Phase Comparator 11
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DESIGN INFORMATION {Cont'd):

Phase .
Characteristics Comparator Deiign information
Used
Locks On Harmonic of 1 Yes
Center Frequency 2 No
Signal Input 1 High
Noise Rejection 2 Low
VCO WITHOUT OFFSET | VCO WITH OFFSET
Rz =00
— Given: fg — Given: fg and f_
— Use fg with Fig.5a to — Calculate fyjp from
determine R1 and C1 the equation
fmin = fo—fL
- Use fmin with Fig.5b
to determine R2 and C1
f
— Calculate fmax
min
1 from the equation
fmax fo+fL
fmin  fo—fL
f
— Use max with
VvCO fmin
Component Fig.5c to determine
Selection ratio R2/R 1 to abtain
R1
— Given: fmax — Given: fmin & fmax
— Caiculate fq from — Use fqjn with Fig.5b
the equation to determine R2and C1
f f
fo = max — Calculate 22X
2 2 min
—Use fg with Fig.5a to fmax .
determine R1 and C1 = Use Troin with Fig.6¢

to determine
ratio R2/R1 to
obtain R1

For further information, see
(1) F. Gardner, “Phase-Lock Techniques” John Wiley and Sons, New York, 1966
(2) G. S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop®, BSTJ, May, 1965,

AMBIENT TEMPERATURE [Ty lx 29°C

[T

[ AMBIENT TEMPERATURE (T41e25°C

VDO ISV.VCO¢ TS ¥ 13V, R2x@

T T
]
6 [-AMBIENT TEMPERATURE [T, 1128%¢C

R2:
SUPPLY VOLTAGE vpp:3Vv. 1o+ 250 tHz

af- VoD IOV, VCOyesVE28Y
% 2
ST AT T T T el I I i1
= \ = : 100
S A - ol ~ Eol *
§ f 4 t t + °r 0 001 xF e ok
H i i i 10v.10°730 kme . 001.01aF g ) 0 00t uF
- : 1 1 Q01,01 r\
g “‘_+ {15v. 10+ 930 K1y | e : z e o \ .
a3 H I : : 3
a ! PR P H

L —_— . 2 WF ! a 2 =
R ‘ X 3 L 2 Svietuzavi : N 2 H .wglﬂ' N \
i 1 ! o : | o ' -

H 15-117 39) : ¢ -
§ 12— + + + N suumuv."',‘ | suu:n"v-—”l 100
| f ' °
) L o] L L] g - BRI ...l NEETIY SR S B
T e e 7 % ea T aes L7 v es 2 t &8 2 4 6s 7 46a BT )
100 7 1000 z LR o ' lon 10 10 w0’ I 0 10t 10}
PEAK-TO-PEAX SIGNAL INPUT YOLTAGE fvpl-mv Ar-x s2cs-zam Al-kQ
szcs-2i0ee

f2c8- 21890

Fig.7 — Typical lock range vs signal input amplitude. Fig.8(a) and (b) — Typical VCO linearity vs R1 and C1.
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Dimensional Qutlines

Dual-In-Line Welded-Seal Ceramic Packages

@ (D) SUFFIX {JEDEC MO-001-AD) (D) SUFFIX (JEDEC MO-001-AE}
i 14-Lead Dual-In-Line Welded-Seat 16-Lead Dual-In-Line Welded-Seal
¥ Caramic Package Ceramic Package
Ty ) ILLIMET|
t Isvusm INCHES NoTE |MILLIMETERS
MIN. | MAX. MIN. MAX.
) L SYMBOL INCHES NOTE MILLIMETERS
MIN. | maX. MIN. | MAX. A 0.120 | 0.160 3.05 4.06
t A 0.120 | 0.160 3.06 4.08 Ay 0.020 | 0.065 0.5t 1.65
:‘ ::‘: :g ::6 ;; 8 | 0014 | 0.020 0.356 | 0.508
’41 ulu A:n , 8 0060 | 0088 127 1:‘ By 0.035 | 0.085 0.89 1.66
— =¥ e T 0.008 | 0012 1 | o206 | o304 ¢ |[oo08 | 0.012 v 0204 | 0.304
[ f f f o 0745 | 0770 1893 | 1956 D | 0746 | 0.785 18.93 | 19.93
“OTYOM VIEW & o E 0.300 | 0.326 7.82 8.25 E 0.300 | 0.325 7.62 8.25
L Uﬂu —_— | Er ] o240 | 0260 s | seo E; | 0240 | 0.260 810 | 660
s, a L] 0.100 TP 2 2.54 TP
A 0.300 TP 2,3 7627TP ey 0.100 TP 2 254 7P
NOTES: L 0.126 | 0.150 3.18 381 L7 0.300 TP 2,3 7.627TP
Refer to Rules for Di i (JEDEC Publication No. 95} L 0.000 | 0.030 0.000 | o076
for Axial Lead Product Outlines. az PR T +T5 T L 10125 | 0.150 318 | 381
1. When this device is supplied solder-dipped, the d lead N < 5 L, | 0,000 | 0.030 0.000 | 0.76
thickness (narrow portion) will not exceed 0.013" {0.33 mm). ¥ 4 a ® 159 2 ® prr)
2. Leads within 0.005” (0.12 mm) radius of True Position (TP) at N1 o 6 0
gauge plane with maximum material condition-and unit installed. [} 0.050 | 0.085 .27 2.15 N 16 5 16
3. e, applies in zone Ly when unit installed. s 0.065 0.090 1.66 228 Ny o] [ 0
4. a applies to spread leads prior to installation.
5. N is the maximum quantity of lead positions. * 1Rz 01 0.050 | 0.085 1z 215
6. Ny is the quantity of allowable missing leads. S 0.015 | 0.060 0.39 1.62
9265-4286R5
° (D} SUFFIX (JEDEC MO-015-AG) (D) SUFFIX (JEDEC MO-015-AH)
24-Lead Dual-In-Line Welded-Seal 28-Lead Dual-In-Line Welded-Seal
C ic Package Cearamic Package
INCHES MILLIMETERS INCHES MILLIMETERS
SYMBOL |miN,max.| 'O F |WiN._TMAX. SYMBOL g, [maX|VOTE [WiN. [ MAX.”
A 0.090] 0.200 2.29 §.08 A 0.030 [0.200 2.29 5
A 0.020{ 0.070 051 | 178 A1 0 _lo070] 2 0 1.77
1 - - - - B 975 [0.020 0381 | 0508
B 0.015] 0.020 0.381 | 0508 By | 0.015 {0.085 039 | 139
81 0.045] 0.055 1.143 | 1.397 C 0.008 {0012 1 0204 | 0.
C 0.008] 0.012 1 0.204 0.304 D 1.380 | 1.420 35.06 36.06
D 116 | 1.22 29.21 | 30.98 E 0.600 10.625 15.24 | 15.87
E 0.600] 0625 1524 | 15.87 Eq 0.485 [0.515 12.32 | 13.08
Eq 0.480] 0.520 1220 |13.20 o1 0.700° TP < 2547TP
P 0.100 TP 2 2547P of 5 0.600TP | 23 5 ;5.24 T;
i eA 0.600 TP 23 15.24 TP L, o |0.030 0 0.76
NOTE:se' Rules or Dimensioning [JEDEC Publicaion No. 95) L 0.100 | 0.180 254 | 457 + TP
Refer ul F 0.
for Axial Lead Product Outlines. L2 |0.000] 0.030 000 | 076 N 28 5 28
1. When this device is supplied solder-dipped, the i a © 150 4 [ 159 Nq 0 6 0
lead thickness (narow portion} will not exceed 0.013" N 24 5 24 [+7] o.ﬁ)"’d?ﬁﬁ 0.51 177
{0.33 mm).
2. Leads within 0.005” (0.12 mm) radius of True Position 31 0020 0 0,080 6 051 0 203 s 0.040 {0.070 102 177
{TP) at gauge plane with maximum material condition 1 . . . .
and unit installed. i s 0.020 | 0.060 0.51 152 92CM-20250R2
3. 8p appliesin zone L2 when unit installed.
4. a applies to spread leads prior to installation. 92CS-19948R4
5. N is the maxi quantity of lead positi
6. N1 is the quantity of allowable missing teads.
TO‘B Style PaCkaw . SYMBOL INCHES NOTE MILLIMETERS
(T} SUFFIX (JEDEC MO-006-AG) MIN. | MAX. MIN. | MAX]
12-Lead Metal Package a 0.230 2 5.84 TP NOTES:
— g0 —=f A1 ° i 0 9 1 . 1.Refer 10 Rules for Dimensioning Axist Lead Product Out-
to— g0; ] Ay 0.165 | 0.185 4.19 4.70 lines.
L) 0.016 | 0.09 3 0407 | 0482 2. Leads at gauge plane within 0.007" {0.178 mm) radius of
981 0 [ [} 0 True Position {TP) at maximum material condition.
¢B2 0.016 [ 0.021 3 0.407 0.533 3. ¢8 applies between L1 and L2. ¢B2 applies between L2
oD 0.335 | 0.370 ‘851 9.39 and 0.500" (!2.70 mm) from seating rfhm. Diameter is
0y 0305 | 0.3% 775 8.50 uncontrolled in L1 and beyond 0.500 (12,70 mm).
3 0.020 | 0.040 0.51 101 4. Measure from Max. ¢D.
j 0.028 | 0.034 0.712 0.863 §. N1 is the quantity of allowsbls missing leads.
k 0.029 | 0.045 4 0.74 1.14 6. Nisthe { q ity of lead
Ly 0.000 | 0.050 3 0.00 1.27
L2 0.250 | 0.500 3 64 127
L3 0.500 | 0.562 3 122.7 14.27
a 30° TP 30° TP
N 12 6 12
Ny 1 5 1
92¢s-19774
702
P v
T - el
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Dimensional Outlines (Cont'd)

DUAL-IN-LINE SIDE-BRAZED CERAMIC (D) SUFFIX (D) SUFFIX
PACKAGES 18-Lead Dusl-in-Line 22-Lead Dual-In-Line
Side-Brazed Ceramic Package Side-Brazed Ceramic Package
0
s SYMBOL INCHES | nore|MILLIMETERS ILLIM
a-‘%.{.":L { N | MAX MIN. | MAX SYMBOL ["min. | MAX I NOTE [Fhin T —max.
5 A .085_[1.100 27.05 | 27.94
A 108900915 22.606 | 23241 g g‘g 13'333 ::. g-g
- c - 0200 = 5.080 F Q40 REF. | 1 | 102 AEF.
{ D 0.015] 0.021 0.381 | 0533 G 100 BSC 1 2,54 8SC
: F F__ | 0054 REF. | 1 1.371_REF. 4100w O — 9.18 1
v G | 01008sc 1 254 BSC K J0.125 [0.176 318 | 445
H 0.035 | 0.065 0.889 | 1.651 L 0380 ]0420 | 2 [9.65 | 10.67
. J 000810012 3 | 0.203] 0304 M — 7 -_| 70
NOTES: . ) - 0.050 064 | 127
1. :’.eaﬂs within 0.005” {0.13 mrln)w:ggu_s of True K 0.1250.150 3175 | 3.810 N 2 22
'osition at maximum material condition. £
2. Dimension “L" to center of leads when formed L 0.290 | 0.310 2 7.366 7874 92CS$-25186R
parallel. M 00 150 [ 150 2
3. When this device is supplied solder-dipped, the
maximum lead thicknass {narrow portion) will not P 0.025 | 0.045 0.635 1.143
exceed 0.013” (0.33 mm}), N 18 18
92CS-27231R1
(D) SUFFIX (D) SUFFIX
24-Lead Dual-in-Une 40-Lead Dual-In-Line
Side-Brazed Ceramic Package Side-Brazed Ceramic Package
SYMBOL INCHES |, . [MILLIMETERS SYMBOL INCHES | noTE|MILLIMETERS
" ':’"1':0 :‘;‘2’; '2“9":; ;“;‘ Min. I max.)  [vin | max.
= ooes | o016 216 | 368 A 1.980| 2.020 50.30 | 51.30
) 0015 | 0023 0.39 0.68 Cc 0.095/ 0.155 243 3.93
F 0.040 REF, 1.02 REF. D 0.017| 0.023 043 | 056
G 0.100 BSC 1 2.54 BSC F 0.050 REF. 1.27 REF.
H 0.030 | 0.070 077 [ 77 G 0.100 8SC 1 2.54 BSC
J 0.008 [ 0012 3 1021 0.30 H 0.030] 0.070 0.76 1.78
K 0.125 | 0.175 318 1 444 f 0.008]0012] 3 | o020 [ 030
"; 0.580 °-:f° 2 1474 ‘57-3‘ K 0.126] 0.175 318 | 445
3 o0 T o050 oY) 3 L 0580|0620 | 2 [14.74 | 15.74
N 24 24 M = 7 - 79
92CS.30986R1 P 0.025] 0.050 0.64 127
N 40 40
92CM-27029R2

Duali-In-Line Plastic and Frit-Seal Ceramic Packages

(E) SUFFIX (JEDEC MO:001-AN) INCHES MILLIMETERS
8-Lead Dual-in-Line Ptastic SYMBOL NOTE
{Mini-DIP) Packa MIN. |MAX. MIN. MAX.
ni-
e A 0.155 | 0.200 3.94 5.08
Ay 0.020 | 0.050 0.508 127
o —————a X
- = 8 0.014 [0.020 0356 | 0508 NOTES: -
T ] -] 0.035 | 0.065 0.883 1.85 Reler to Rules for Dis ing {JEDEC Publication No. 95)
st ros 2 L Py 5 7 o303 o308 for Axial Lead Product Qutlines.
c .008 | 0.012 . ..
WaTwg PLave L1 _—'- i i o 0.370 10.400 940 |10.6 1. When this davice is supplied salder-dipped, the maximum lesd
Py ! a 3 ) ' - . {narrow portion) will not exceed 0.013".
ey - ] ¥ € 0.300 |1 0.325 762 | 825 2. Leads within 0.005” {0.12 mm) radius of True Position (TP) at
- " ! [y Ey 0.240 | 0.260 8.10 6.60 guage plane with material di and unit nstath
oy 0.100 TP 2 254 TP 3. e applies in zone L, when unit installed.
¢ wotx ster A 03007 |23 762 1P 4. a applies to s‘puad leads !)ﬂﬂl to msullal»lon.
- /. s 5. Nis the of lead
3\ L 0.125 10.150 318 s 6. Ny 13 the quantity of allowable missing leads.
T “ T f L2 0.000 | 0.030 0.000 0.762
i sormou {m- LN a [} 15 4 [} 15
IR f { N 8 5 8
= FuUoua Ny o o o
Qq 0.040 }0.076 1.02 1.90
S 0.015 | 0.060 0.381 1.52
92CS5-24026R!1
703
3895 E~12 . -
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Dimensional Qutlines (Cont'd)

Duai-In-Line Plastic and Frit-Seal Ceramic Packages (Cont'd)

T-90-30

(E) and (F) SUFFIXES (JEDEC MO-001-AC)

N & (E) and (F)} SUFFIXES (JEDEC MO-001-AB)
-~ 14-Lead Dual-In-Line Plastic or 16-Lead Dual-In-Line Plastic or
[Py i [} Frit-Seal Caramic Package Frit-Seal Ceramic Package
4 .
AT AL —t INCHES ] MILLIMETERS
INCHES MILLIMETERS
. TE
o k [ “ - SYMBOL i T wax] VTN, wax. ISVMBOL Min. | max, | V0 MIN. | MAX.
B kL N M A |0 | ome 394 | 508 A | 0.185 | 0.200 384 | 508
" A1 | ooz | oos0 081 | 121 Ay |0.020 | 0050 051 | 127
s :‘ ppindl b ecis ppoad I 8 | 0014 | 0020 0.356 | 0.508
= Ammmam == c 0008 | 0012| 1] 0204 | o3 8y | 00% | 0068 089 [ 165
i {f f D 0745 | 0770 1893 | 1956 C o008 | 0012 | 1 |0z04 | 0.304
i '°"°".["“' 'i i E 0300 [ 0.325 762 | 825 D |0745 | 0.785 18.93 | 19.93
4 Uedvoo B £ 0.240 | 0260 810 | 660 € | 0300 | 0.326 762 | 8.26
RS . 0.1c0P 2 el gy | 0240 | 0.260 610 |e60
NOTES: A dx00 TP 23 7e2 TP 100 TP 2 254 TP
Retar to Rutas for D 9 1JEDEC No. 95) L 012 | 0.150 318 | 381 * o -
for Axial Lead Product Qutlinas. L2 0.000 | 0.030 0.000 | 0.76 LT 0.300 TP 2,3 ?-52 TP
1. When this davica 1s supplied solder dipped, tha maximum lead a 0o 160 4 ['nd 150 L 0.125 | 0.150 318 3.81
thickness (narrow poruon} will not exceed 0.013 {0.33 mm). N 4 5 4 L 0000 | 0.030 0.000 | 0.78
2. Leads within 0.005" {0.12 mm} radius of Trua Position {TP) N1 Q [] [1] 2 . - s .
at gauge plane with maximum matenal condition and unit Qay 0.040 0.075 1.02 1.90 a 0° 150 4 Q° 159
nitalled. ) s 00685 | 0.090 166 | 228 N ] 5 ]
3. 8 applies in zone L whan unit installed. 9255 4296R3 N 0 6 0
4. a applies to spread leads prior to installation. \
5. N1 the o y of lesd Q; | 0.040 | 0.076 1.02 1.90
8. Ny is the quantity of allowable missing leads., s 0.015 | 0.080 0,39 1.52
92CM-15967R4
(E) SUFFIX (E}) SUFFIX {F) SUFEIX (JEDEC MO-001-AG)
18-Lead Dual-in-Line 22-Lead Dual-In-Line 16-Lead Dual-in-Line
Plastic Package Plastic Package Frit-Seal Caramic Package
SYMBOL INCHES NOTE | MILLIMETERS SYMBOL m NOTE N':'I:.NLIMETME:)? SYMBOL MmI‘Nc;:'in NOTE m:hLIMELEAF;?
MIN. | MAX. MIN. | MAX. : : e : : - :
A 0.155 1 0.200 394 | 508 A 0.165[ 0.210 420 | 533
A 0.166 | 0.200 3.94 5.08 Aq 0.020 | 0.050 0508 | 127 A 0,015 | 0.045 0381 | 114
Ay 0.020 | 0.050 0508 | 1.27 B 0.015 | 0.020 0.331 | 0508 1 e : :
8 0.014 ] 0.020 0.356 | 0508 B4 0.035 | 0.065 0.89 1.65 8 .015 { 0.020 0.381 0.508
84 0.035 | 0.065 0.89 165 T 0.008 | 0.012 1 0.208 | 0.304 B1 0.045 | 0.070 1.16 1.77
< 0008 5.012 T T o504 | 5308 D 1120 C 0.009|0.011| 1 | 0228 | 0.279
D 0.845 | 0.886 2147 | 2247 E 0.390 |0.420 991 | 10.66 2] 0.750 | 0.795 19.05 | 20.19
€ 0.2400.260 510 | 660 G103 10395 ) 877 | on E  |0295(0.325 750 | 8.25
1 - 2547P € 0.245 | 0,300 623 | 7.62
o 0.100TP | 2 254 TP oA 0.400 TP 2,3 | 1016TP 1 : : . : :
oA 0300TP | 23 7627TP L 0.125 0,150 338 | 381 ) 0.100TP | 2 2547p
0.125]0.150 318 | as L2 0_|0.030 0| o762 oA 0300TP | 2,3| 7.627TP
e o | 15° n g 15° a 20 159 4 20 159 t 0.120 | 0.160 3.05 4,06
N 22 3 2
T I N s jomojomo| _|oso ) 0%
N1 o ] o [+ 0.055 ]0.085 1.40 215
s 0015 [0.060 039 | 152 s |o0.015 |0.060 0381 | 127 m 1: 2 1:
1 .
9205 -30630 92Cs-30830 Gy  |0.050]0.080 127 | 203
» S 0.010 0.060 0.254 1.62
. % R l N 92CM-22284R1
I'_ I (E} and (F) SUFFIXES (JEDEC MO-015-AA) (E) SUFFIX
TG L o 1 24-Lead Dual-In-Line Piastic or 40-Lead Dual-In-Line
i : }  Frit-Seal Ceramic Package o Plastic Package
¢ INCHES MILLIMETERS
- Y INCHES
" SYMBOL . [max- | "OTE min. [ max. SYMBOLSin. [ MAX | VOTE [MIN. | MAX.,
A 0.120| 0.250 3.10 | 6.30 A 0.120 | 0.250 3.10 6.30
l Ay 0.020| 0.070 051 j1.77 Ag 0.020 | 0.070 0.51 1.77
€ B 0.0160.020 0.407| 0.508 B 0.01610.020 0.407 | -0.608
8y |0.028(0.070 0.72 | 177 By |0.028]0.070 072 1.77
view “ € |0o008[0012| 1 | 0204 0.304 ¢ [9ocgjoo12] 1 | 0204} 0.304
5 1120|129 30.48| 32.76 D | 2.0002.0%0 150.80 | 63.00
‘L st Tosas e Ey | 06160580 13.09 | 14.73
- - - - o 0.I00TF | 2 254 TP
€1 0.515 | 0.580 13.09) 14.73 oa 0.600 TP 23 1524 TP
.1} 0.100 TP 2 254 TP L 1.100 ] 0.200 358 500
orEs 8 0.600 TP 23 | 15.247TP Ly {0.000}0.030 0.00 0.76
Rate to Rules Jor Dumenuaning (JEDEC Publicaian No. 96) L 0.100 [ 0.200 2.54 | 5.00 a 0%_ 150 4 0o 150
1 e . .
e ot o tz_|osoloos| |00 |7 N N N
thickniess (narrow portion) will not sxcaed 0.013", a 00 160 4 Q0 150 1
2. Leads within 0 005 10 12 mm} radhus of True Pontion {TP) at N 24 5 24 Q4 0.065]0.095 | 1.66 241
3 T o o 3t Ny 0 6 0 s | 0040|0100 102 | 284
4. a apples 10 tpread laads preor 10 installanon, -
5. N s the mamimum quanuty of lead potitions. Q1 0.04010.075 1.02 | 1.90 92CSs-30959
6. Ny 13 the quantity of alowable misung leady. S 0.040{0.100 1.02 | 254
92C$26938R2
704
3896 E-13
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Dimensional Outlines (Cont'd)

Ceramic Flat Packs

(K) SUFFIX (JEDEC MO-004-AF)

14-Lead
TERMINAL “N*
INCHES MILLIMETERS
SYMBOL T
M M r r r ' MIN. | MAX. NoTE MIN. | MAX.
’ A |0.008 | 0.100 021 | 2.64
L 8 loois | 0019 1 |0381 | 0482
1 l T |0003 o.o:s T |0077 | 0.152 NOTES:
R r1t3 e 00s0T 2 1.277F 1. Refer to JEDEC Publication No. 95 for Rules for
T E 0200 | 0.300 5.1 76 Dimensioning Peripheral Lead Outlines.
H 0.600 | 1.000 15.3 25.4 2. Leads within 0.0056" (0.12 mm} radius of True
€ 2 H L 0.150 | 0.350 39 B8 Position (TP) at maximum material condition.
| sz oex l N 14 3 14 3. N is the maxi ity of lesd positi
‘ ) / ___j Q 0.005 | 0.050 0.13 1.27 4. Z and Z1 determine a zone within which all body
w-4d- - s 0.000 | 0.0s0 0.00 127 and lead irregularities lie,
‘ ’ 1 | r F3 0.300 q 782
' [ |1 L Z 0.400 4 10.16
1 Lz 3 l 92554300R3
4 s o f=B . H—s P
S I |
Lt} —~=t A (e BASE AND
SEATING
PLANE
(K) SUFFIX (JEDEC MO-004-AG) (K) SUFFIX (K) SUFFIX
16-Lead 24-Lead 28-Lead
INCHES MILLIMETERS INCHES | MILLIMETERS INCHES | MILLIMETERS
SYMBOL N T woe | "°TE i MAX, SYMBOL -G [ max] 0T ["min. [MAX. SYMBOL g T max] 'O E[ MIN. [ MAX.
A |0.008 | 0.100 021 | 254 A 0.075] 0,120 1.91 3.04 A 0.075| 0.120 191 | 304
B8 [0.015 | 0019 1 |o0381 | 0.482 B 0.018] 0022] 1 | 0458 | 0568 [ 0018] 0022] 1 [ 0458 | 0.568
C | 0.003 | 0.006 1| 0077 |o0.152 C 0004[0007] 1 | 0102 [ 0977 c 0.004] 0.007] 1 | 0102 [ 0.177
e 0.050 TP 2 1277TP e 0.050 TP 2 1.27 TP [ 0.050 TP H V27 1F
E 0.200 | 0.300 51 76 E 0.6001{ 0.700 15.24 17.78 E 0.600 | 0.700 15.24 17.78
" 0600 | 1.000 15.3 2%.4 H 1.150 | 1.350 2021 34.29 H 1.150 | 1.350 29.21 34.29
- M d - L 0.225 ] 0.325 572 8.25 L 0.225 ] 0.325 5.72 8.25
L |0.150 | 0.350 39 8.8 N 24 3 2 N 28 3 28
N 16 3 6 a 0.035] 0.070 0.89 177 Q 0.035 ] 0.070 089 | 177
Q |0005 | 0050 013 | 127 s o.oeol 0110] 1 | 183 % 279 ] 0 Jooso] v [ 0 153 |
s |oooo | 002 000 | 063 z 0.700 4 17.78 £ oo : I
Z 0.300 4 7.62 1 0.750 4 19.05 1 : - -
Zy 0.400 4 10.16 ! - 92¢5-20972
92CS-19949R2

92C5-17271R3

SR e e R
.‘§/“a&ﬁ a i ¢
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